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T3 Rl S S e A R — I ME A . AR LA A2 i
TR AR T Tz e M aY, (05 E R AT
WS b, EFELALE 518 8% T AP
AR (1) BRI e L G T 7k i
FAACHE I, MRS RSy kA 5 A H ik
A REE—2 e (2) Bk = WAL T B A AR
BV 5 T A AL AT R S SR ) ) e
TRBEFNIF R B HE o 22 FX U8 I AR B AS W adE
H, THEEMDEREEE, AEYLALE &
e B ST R TR BUAILIE o G 2 R JERORIT
TR IR B RN R S EE ST, RERS TN LS M
o 7AW e 2 1 LS 342 A 5 oGS R BE 8 4
HEE W A RIEAS B, RRE A AU S A 9 (5 B
AR, X e EE R Y &, XTLAIR)
i R B T R E R . Al A ROk AR TR
TR UL (B, R T Gy M R AR AR B 25 4 5 4R
SHE T R Y EARL R E LALE 38 8 i
Tk SRS LALSGEORS FE A J0& %
122 TESKEERKRE

IR Z KBRS 2R KRR E
—#Ray, HE R R IR A K gy,
A A5 R 25 b 3 RE 1 1) { SRR 43 T ) EL AR
DL K T 35 1 AU B R AR T e, TE
Kb, XK ZDPE T RIEYIR K 5 8
7, UK E s AR S R VR Y E F

A, SR HEDR %) A K A3 W I S X ARl
e AEYICEVE RSS20 WS LA By i T 25 H
At EERTEFEM . R 2 1R R 0R 2%
FRGIA S X o - K o 1 S i, AR 47 b 1A 3
TE 17 B gl B gz e o Horbr, ) Fi e JEoR
YBCHY AT B (Bl LRI ) A Bl (A AR IR
B FEE(TVDI(Temperature Vegetation Index) FIAE
PR FEELVSWI(Vegetation Supply Water Index)%%)
el N7 5 A K 43 S =2 ] A O 2R ok R IX.
R HOKr CRIERE R, 1997; K-
e, 1991 REHK %, 2011; R MHHN,
2016). fEfF—4RMIE, HATEZEAR IR 1E
T2 SRR M) 2R 56 v T SR T ) e 2 el AV 1
MR IR BRI . D4R, — L R
P L] FH BT 04 28 i L (e b T A2 ) £ 2 T
J'& T L HEK o3 Y 5E B ROE AT SY(Zhao FILE, 20135
Leng 5%, 2014), SARXEEHF5Y HFTIAE 1E N H
FEARR R LB, BB KT E T 15
KT RIS, HOEA BAEARR IS T
OSSR R AR B, S E A RO A
P At o PR AT RE () R IR A B o FERE 1
B, BAOGE BE s H R IR 2 R K o I
e N E e K EP Y 18] e D R N
KAWL RE 7, DL AR A= 398 7K J o 8 v 1 552
RIS BRI, TS T A 3K S S A A —
&M, JF ok B 2 322 5T, H
Hr, ] WOGATLLAMEHE . IELAMNEHE - Bl B
PLRCENTZ B2 A R 1 520 4338 K 53 18 J2%
R 5V BRI

I 1OAFfe 7 [ 52 A0 M 5 A5 G380 11 1) 3 FF
T, EAZA AL Ak T A b R e
SR ATFJE T R R B 5 Wiy, 38K 4y
%) 38 J8% S 5 Ik — BRI ) F RS —
FUEHE A 8K 4318 I S T B A0 98 T U T —
s, H v E AR — 40U PR AR Lk 2 A7 AE
—EMZERE . WRER 7 WEFEATIIR LIS i R
IEER BT —E Rt AN, T K
AAUALTELM G B T H M ) 2, X
fig . K SCAF S R R A5G A AT AR PE T, BR
KERXC ARG T ZPLTTH T2k 50K
SRR AR LA, i H AT B bR R S+
SR G 7 i S HREATY 9K AR 56 3k [ 52 9T
BB AR, KA AT i i 28
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SR, TR AR IX el 1) RUBE Y 3K 4
RAFEBERZPI . (HTEFIS Ik EHREA K
REANHT, o H IR R F R 22 U6 18 SRS 15 e i
T HEOK B g, ESriE T HEEREER
KA AR 5 (2) N - K 4y i B 56 A
Y Gy AN v e w7 G MO 4 X e VT E

1.23 EHEtSHERKRE

Fr T FARLALS 3K, Hopth B H A EE
SR A 1 18 SRS A TP R RE HUS T =F 5 (R
S TEREBAALA o RO T T, AR AR N (2000)7E
] Py 25 56 ) R A b T G 35 (SO 45, AT T
AR 1% 32 JER AR 0 Ak 27 21 43 i FL B F 5
FAH RIS B T R 3eal . BRIL=Z A0, i A
FoKE . BRAESRS . ABEEFRITREUKE
Wyt 45 T B B AR AL A o B IR SRR B T T
ISCTE(HBRA %, 20005 BEFIZE %5, 20065 5
520085 i&fE 4, 2012). HAT, MR AELAH
Al BATY S A Ml R 3 SRR A A T BR A I 5 ) [ 2
—o AL E S ECE DT, R E R
IS B R HEAT T E 5 MU = A S
M4 45, 2011 XA 55, 2011; T3
&, 2013), FIHEEGEAZRE -EA P S =
g SN, Bk S 0T A A Y

FE X BTy T BT A A, WF SR T AR TR AR A7
TEE S LAV 3K 5L R R 22 4k, ek
S FRARIRBE S 2 e S8 i, Bz 05k
FRIHE FSEBR AN H

FSN B ST (VS L RO R T Sy
], Ff RO E B R AR AT 204 SR U T AR
SEMI ST, A2 K HtAR I8 S 5000 R i U
WA R TP K S, FE Dy N AR A
BT —E A, SR, SEPRETEMEL, 7E
JE LR BH AR N B Z . B GE SR 2 IR
TR B 5 AR IR B T T, RIS
A THIR B 2 B i HE E U R, FEAEA R
B = S & b RAT L X B 5 RN B
HE

1.3 {EMEmRiE S E RS E

VEDI BRI I BURAE Al I REAC R, Hezs
[F1] 73 A7 P A Ml A 7 A8 B 4 b IO 25 7 T HAT

A% = ZA/E I (Vaudour %5, 2015; Thenkabail,
2010; Atzberger, 2013), HELZHFAKE, K
VB i AR 18 = R ok 32 3 e [ 0 S 4% 2
HORNERT TR e AL, 2 [ S e A B BUR &
Tert R ARG . ARk, A EZ T R IR
T8 R VR TT FT5 7 I || Pl o5 > S W 3
P AE R R B2, AW Pl 1w AR b s (8] 23 A
BB PR (BRI AR, 20115 BBt 4,
2010) i R 54 b [ 32 AR ) A AR
KLz oA, 6Tl B BUR A CHR T i e B2
B B AR BRI FUR 22 4 BoAy SO i
B, i EZRE R4 G B A 4
F . TERRALFR e =l A ) E AR

TS b S 57T R A T AR J s DU 5 o) ]
FoFE , FeE 1974454 /N T AR B s I
i, F120094F B UCSLEL T HA 202 MY ) i
A A, JFTELUG B R, MAEC %
PRAEAE 1004 Fh VR Y W 0 702 [B] 1 1], 7E5524F
(1 S FIE ) 1] Bk A, A3 (B2 BE N30 mo
3 1P 23 18] o3 A ) AU 55 13 R Al
A, R R B E BE  d AE TUARAEALIT ST
A R B IEN . AEWRETR
YR KB B BRI . Al PRI S5
Ji R S, S TR P (USDA-
NASS, http//www.nass.usda.gov/Education_and
Outreach/Reports_Presentations_and Conferences/rep
orts/)o ] [ I LA A /INAZ T AR SR s TN Ay 5 Tt
H, 7E19834EFIFAMSSEAZ R, KT H ML
PEMITEE . 1 YOI T 5 EEE M X A /N 22 TR Y
2SS (CETIE, 1996). 120121904 A M
H ] R Ml 8 22 JR niz FH s A b R 2 e A A7 5
Ja TR 1 A Y L) A T AR R Y 55 1B
11, BHATE SR E A R - E 2
Aofr IR 5%V 0 T R J T 0 553 AT (R I8
2004; ST 4, 2010; FEAKFR 45, 2005),

R LR 4y T R 3 JR s 0 — e e it e 3
s S AT Xtk A . Rl ST R, &2
P RN AR & L AR DR, K
0 L RO 14 A8 oMb 2 JR B 1) 8 456 22 Sk FHAIASE 7 12 (R
i 45, 2000; MR 4, 20065 HiTEd 5,
2012; XEHR &5, 2015), RIRFGEHRESE ik
ST AP T AR A A AR AE , 1) 28 2% (R R B
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FEBTTIN A VED TR, T4 3 W I X 38 4 1
P A, Xy A WIS R A7 AR SRR
AP SR Z Rk, 38U
FHAE DX P BRI 4 1) 93 A 5 2 DA B A Wi X 3
B EY MRS TGS, WA T 6 4 )
F = X A S A R B Z R R 25 18] o A AR VB 25
[ or A A . Bt Hh e 45 (] 43 3 50 R A T
(W2, 2 EFEE AT, ZEIT 4R
[f] P20 B R AR 4 7 o W 2UAE AR . A20084F
Frbf, o A B i N O A 5—30 mzs ]
IYPERI TR GRS T 2EKRE . Z/NEME
KRR 2 [0 50 A o XA 3k Tl AFREL
VEYI 25 (B 434, H 52 38 J S 1% 7 5 Y0 1R 6 1
IEEIEASES- A I EINR il B K s £ R
Wi, TRl B B B B VR o A 45 SR 2 IRl A7
E—EMES, T EARE. 1, wED
T R U 5 15 BRI VE L, RSy
AT NRE M AU, 2
T, F T A % Tl 235 g R A 300 45 % A AR
fb, XEIENSHHEN TR, HLRE
i, FECTAERIE K. B GF-1MIGF-2 L2
kS, o E A 8 BRI T 0 2 5 R
Wi, it —HF2MEBRSHEER, DEBYEESE
gl i@ ok 55 TAEFAR R Tz, AR
b R ) R B R 2 — o FERJEGF-1 AT M
Y(WFV)16 mZs [al 4 HR 4%, HIXT LA Landsat &
G TR RRFEN PSSR T RERG, Rt THE
| B N E et s B T Ay vk (o SN i L S W G
FU AW, FEik800 km IR TE, Wi kI
P AED B T 2 RO . E Al R
JER FH LG DL 16 m#k S E AR IR, 454 HAlh
TERUR A DR EE, JFR T 2EL/NE . FH/h
. Rk KFE . ARl K SR SE AR AL A AR
WD T AR, fEA/NEZ A, EE3E 4
TR FHGF-1 ARSI , KW T % [ S 11
Wi, AT REBITHUAR, 15 T REMRE
P52 ek,

A g o v R 3 J A T = T R AR ok
(G TE S R N 2 [ RHAIE VR R X R 3R
FPAE X 43 TF, P45 A VR 0 916 3 X 431 0 1
KRR RGE R, 1999), — Bt i v BE Y
TR I ) B AR, B Z A . 2R
AT 1A% T =X A 38 BB VR AR BUAS TR AR 4 ) e i
HIBEFE R, M AR O A Y RS R, NN

BIVEYI AR LS HAER 55, 2010), # I
VEY 4205 30T L4 N T H AR AL A
B W R, Hd, AT H MR R A
AW BRI R, DOBEE B NIKE, AT
) R [R) AR R X (i B, R AT
Ho P EREE TS AT LA A5 Fh i B
GARME, FERGHIEL R R 2 5] A AR SCR)
SR BRCEERE AN R EE R, BAE
fRTBA . SCHT, REME A M I Y | b 55 I R
FAAT S5 ks BE 2R (JAlF B 55, 2007), HEFTHEA
£ B AE R A 55 32 47 o — R R X F oy k48
BUED AL, (HX RO R 7T TAER K.
X e A B Lol R R R L S TR B Y
R R 22 SR, NP LR, R ARk
BT 2RI EALA S KOk, R L
YA Ge itk . BRI e N 5 ik S5 4, 5%
BT RGP T MRS AT & AT HE
IEMIT A e B 5 &, H A R RISR
AR RISVMAT 28555 . (HIX 2L )y il A /b
N R VEY AR, Y KE [ sy, i TAE
Py 1 ol R 235 4 R A 10 5 e A AR Ak, R B T Y
SHTEBENTIE, AEEENR, SRTIER
L NP ¢ | RS SV € T PN e R e i
KREEFT, DEFAMPERE LR, KRELT
Hb BT G LIT I IE N AR OIS, B

YIRS B S 15 BRI A sk R B, R R A
AW 573 i) o e 8y S R I AR IR TE A
“—SKIEIE . TR R BRREIS T, PR
VEY) 2 (8] 53 A7 i B 5 sh S BB ik mk e, SeEl 4
F AR AL 5, K kv AL R oA 45
FTREE | PR BRI A A AR IR B ARl
SRR, DL RKRAT 2 4 TR 77 i 52 5 4R IR 2 o
TE R .

14 EORKBENSFEM4E

19974F, v B Bb 2 BEks < v B 0 IR A B 38 IR
BRG SANE Ve R B R B L E R
FHIZERIH, ST aE/NE . Bk KE.
TR A R R B SR W 5 7= R (VAR 4%,
1999). 19984EF U, Ak St 4 EARVEDL 55
WA E , R REIFES E S —EE A EE
T AR AR YB35 21T R ge, MlixT 4 &
BAFEEE/NE | Bk, M, JRZESYREDK
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fei . REAEEYIRRBE, 2004), <+,
] 2k 21 TR AL AR AR W 3 S A 77l 45 R S o 5 i
M, Bigedlifnoess T 2 EREY KRS
flir= R Ge, v E LR BEAUROE A FE SRl
TE I R G (JE WS, 2004; Chen 5%, 2008,
2011), HrERbE B 1R BN R 5 e v [ A 1 e Jak
ARG (PR ANE ZMR B R (RT, 2000,
2004), PHESZRREVENRG(HESG R
YCEEERR 55, 200555, “+—h AR, E gt
BT H S0, A6 R A E R G R #E A
T B AR F 7 O B AE YR AR ) i 5
7RG OR L 45, 2013), Tdb4E, thERlE
Bt . o B GRS A A il 2 %o [ A
PRI EK . KA N FUK RS S E W A7 K 3
W A=A, S EEE T TR R T
ARES G B (EEM %, 2007; R %,
2010; ERk>: 48, 2012; fREHR 45, 2015),

e [ D TR AR AR A A A A 0 R Ak AR
FREAE A H R 2S (8] 43 BE SR EOS/MODIS . SPOT/
VGT. NOAA/AVHRRAIFY T2 4 22 it 1% S
P, bR B A R s R TN
s R RBEEY WP (= T E 45, 2010; 5
5 48, 2011)0 (e G A S T i B i
SRELAARSR A W T, (B2 20/ N B E YR 3
S ROEHEYI AR AYE . SKES)
AWEY A F I 5 AR FH (e 55, 20115 1k
FEloR, 2011; skMAE 45, 2012; R/NT 4, 2013;
BIWIAL, 2013). FfiE o0 25 DRSS, H

e 0 B B A A TR AR R R DU A A
s e HOKERE %, 2015; Li %,
2016a),

(DVEY K BAGE BR I . VE P A B s T 48
b 3 B R FH i AR 9 AR IR O 19 A G 3 R
bR, WREHEFEEL WE%?@%%%&%&%&
&, 2009), Hrr, mgdEEON &) iz
%,mm,mu%—%iﬁmﬁ%T%EW%ﬁ
PFIEAR(WLAL, NDVI. TCI. VCI. NPP%)i& H]
PR ARETFIR ST, AR R R S I
PR T mEAEH G RE, 2006), AN, TR
THYEKIH— IR R (GRND VD A58 K 3
FRAFFEGRAFE 45, 2011), HR2E#IBHSE T YMEls
B RZ2WFHRAWMBECR, AL
K FWEIRT B2 PR B 7RIS (FL A5 45, 20125 7

45 2014),

A A FAhdm BRIy i R B AR S
Jid . PR R A S R W A (B R A R
AL, 1999; ST 4, 2004; Chen %5, 2011;
PRS2 45, 2015), Horr, GEitUEii2e vk 83t
T3 B AR RN GE 3 TSR 3R U VR ) K 3 DDA O
REEFabS, SRIG R X BAED S BT /39, i
RAGEDIHITE . KBS R,; FPrE Ik E
LR ) FH A B 8] 128 8% br 22 (H sk LU E A TE K
PGSR I, S AR YAk S R
MK s EW R S B I 32 R Y AR
F2 AT TN 2247 S 2 R w6 ) e 27 il 2 s IR
AR R E Y A IR T HL RN T

A2, HArE AR AWy 2 25k =) T
SEPERBMEI Jrk o SEAER, KA YA KA
BRI & 8 , R AL B R A TR K A8 b
YED T ARTEEL . VR A Wit 55 ) i AU R 3
M I SR 22 A GE (R A 5%, 20065 25 T
45 2007; XU %, 2011; Huang %5, 2012), Jf
AR S izt A2, X7fE—E®
FESE AR YK B BRI A ML | A SRR
e KT

Q)VEY = 2 BRI . AED o =l ARy
B, MEITHEERE . S EiE . RE
Wk . KL . AEY A KA LRI 32 S A ™=
TG 45, 2005), Hdr, Ai4For ke %
G MUY, TR AR KAy 32 3 i =
LR R EALE AR | 5 B AR 2 A
SRR B AR K AR B i

SR PN (7 s i LR S e
B A3, BPZRURATRY | e A RN AL B
(MG 45, 2008). Zuarisi i 5 BRI e ek S e 1) A
YA AR S E 25 FE TR B HE B 5 ) MRS
MSE N AR E. AYES) . EYIRES
CHnLEE | BEIK . R PHAR SR 38K 0556 35 S5 7R
B ] L ST R B AR R G A, R
RIS AT, AR AR ™ I8 BUML R D (11

SR 4. 2007, 2010a; Ren 2%, 2008); A3
MRS, 2B 2 R AR RISV E W5 9]

KA IBAEW YR, TR s T ok R
BORATIEIE, T SRAFVED) T3 45 5 (Du 4%,
2009; F#5E 25, 2006, 2009), %74 A e 5k
AT F 43 A 18 IR RUORE FE B i, (B
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T7 AR B EIMLERA T s K, oS8k
JERERI AR | kT 855 ) e 2otk — 2D R A Y
(R8I 5%, 2006, 2010b; ZEBEIAIE EL, 2009);
MLHAR R = 2 1) VR A A AR R A R 4 B A
PR, SRR G K e SR LR, T )
A, AEREESMASH L, F—ERE LR
il 7 AVE A AR A S R YAk ™ i Iz
FHMS 45, 2008).

bifi 5 32 R R AL B AR 1 kR, I B )
AN L AR (1) R A ) 7 e A5 40U R 2 1y
AUV A &SR 1 B N S 4k, i B4F,
EoaHRET AR FERAA(MWOFOST .,
DSSATHEPICE) A A [Rfk 77 ¥ (WWEnKF . PF .
POD-4DVar, SCE-UAZ%)ZHE N EY) A= K AR
VR4 B 7= AU LB 92 (5 B °F 4§, 2005; Fang
45, 2008; R, 2012; Jiang 2%, 2013a, 2014a;
Li %, 2016a), GRS EARMAL | B X Ik
b BRI T 58 L O B S E PR AN A 2 0 T
ERESE, MIREARAEY) 7 E AL AR
FERUKE B2 T EZAEH @M 45, 2007; {Edm
45, 20115 FEAME E, 2012), BEERFE A K
BRI T VE D) B P= L R B R, AR
C 2 B AE R BNV S Ae Al =2 AT o AR o
1.5 Rl REEB SN

HEE — R BRI ENEEZR, P
B Z KA A EAE31.1%. 204
TOEATF R T R B Y, ke . IR
PRUR . I ICE 18 BN 815 2R AR R
%, 1997), SRHLBIRE A EY A K SHEH T
L, RO E RS BIR FE e AT, Sk
EPNE R ARG T WS BRE, ERIEYRE
T SR AV 0 R, R AR R T 3 R
WD A AR ) B AL (Rudorff 55, 2012), 4
I, FEBEE &R AR S masml, @& .
ZV GRS, XAl I 3 5 2% W I ATLEE Y
INHEEIRZI(E0E 25, 2006), TEALGERILIOERE R
SRR A A% B RS W I T R R A 5T B Al 1 (B
i, 2013), Ml aEk ., XA (5 8RB
ok, RAEW 5. bE . R R RERHE
T SRR ST ARAT AN IR B ) R

(Al T R BRI . EFXFnr W e
Gh o IRETHN | Bl B R - K AR B

IR X — G AF IR R, LA OB ) A R
L R 1E 5 AU TVDI(Temperature Vegetation
Dryness Index). YE#/K 5 6it$8 5 CWSI(Crop
Water Stress Index) ., AcFAHBHHEELVCI(Vegetation
Condition Index)&% . WAL IAFEESESE, Frfdi FHW
YERBARINLA30 m. 1000 m23 [A] 43 ¥ # Landsat .
HJ. EOS/MODIS, FYFINOAAZRGI TIENF, X
SO AR A B SL T RME IS 2 () Y R A A, 45
GRAED KB R IGIN, RS HAT 1Y B+ 1K
IR, 2 EFRARDBL I B A BRI, X
B MAD T 2 it — 2D IR A ST . T 4R
Boge B B AL E AL, DU+ 5
MR PR =, BRI T AAEY) T R
RN ] o AAAED AR R AL BEAR R 25 (8] 6 5
AU ML, FETLAISERAEY S BOER S,
A E R R 5, AT DA R U [A] 2
WK & a, RIFHRLRREXT RIEY T 1545
AT AR, RAEY A KA 5 3 R AR
FRAA AF A0 PR I A A A A T 7 e S A T F 5 1)
VA (B R, 2003; B80T %, 2012; FEEW
45 2014),

()4 M 1t 357 9 K v TN . Gn el i e A2 2% R
G 3 B 1 AR R K A ) SR 1
i BT YIRS, NOAA/AVHRR ., EOS/MODIS
FY-3AZ55F0.5 d, HI-1A/BTE 25F2 dlnli5
FEE TR (2 45, 2012), DA SAR. ASARZE
TR 38 BRI 4 R A% W I BB ) (Kuenzer 45, 2013),
B R A Y it 7 ¢ 1 SR I A R B R R, anE
@ F FHFY-3A . HJ-1A/BRIEOS % i TV 12 3% B
i, 25 Hb TR0 5 U0 00 5 40 A i kb LA R 2K
P, XF20104E7 7 T A 28 H W& W S BUW L BT K
FEHAT T AN (Z M 55, 2012), JeoriE BERE
TR PR BT R A R ik R AL (3 AR O A A I
A5, 1999; FABAE, 2006), LI R BB S
F R A Ok AR W A AR 45, 19985 2RI
&, 2010), REMSE— FREE L oRRb iR B IR
AR, B EIR K R R, W RIRE &
B R AR B B7 0 A1 3 B Y A5 5 )
50t 2 1 B I R AR AR R L, RAE
BEEE KA PR TS X A R, BETM I A
BT 2] VRS RIAH OC 1Y ik 55 R PEAN F8 A%
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P, TEIRNG E USRS BN L i g, F R E A
TR BT AN E Wy 3 3 BRI, i S i Ky
TR BF SN 25 (Zhang 45, 2003), XK =% A
(2004)XF Eb T34 F A I 258505 5 15 H A K A/
Z MPHIEMGOGTE KOGTERFE, &K I560—670 nm
W, ARUEEL, RTINS/ R
R T IR A KA/ NS RH, Steddom 4§
AN(2003)43 5 ) FH = ARG B e D' il 18 B
M2 ZeiE 5, XINDVI, VARI, RGR,
ARI., CRI 5 FE#HEEGEAT T 45 3R, 1E
ORISR 5 DARREIR A RHSEA L, 3 SFhi w48
WS B TSR B0 i 5 X i S s
M, TR AR X /b, AL T b Twr
S o TR X R S AR 1 SR MR 5T
BN ARAE W BRI B E BN F ALY &,
2004), SAaE OV S B TR, T S TR =
O3B T 1 SRR R o R S X — AR
1 FE TR 5, 20105 5KTERT, 2012),

(S RAEYCIR S F A, RAEREwIR
WS E HE. BENEXL . BIrMAEERKR
L, HETEYRRESM N . X TEYRE
(R, AT S A AR ARG TR VA 5 TR A T g o 1
RIBRAFHFRA 45, 2002; KRS 4, 2001; K35
7% 5, 2006) . HIH W E KA N (1989)F H
NOAAKE A BUERFER, X AR R AR A 4 25 57
VAN T 19874 LI B A/ NE VR FDIRGL , J5 & N4
% 55(2000)F1] 21 A& HE SR L A TVE AN W] S5 9008
TR TSE, & BEE A (1998)F]H T2
IR AME B I T B ARIRS FE W50 . SR
ARG o BT ARAE DA v 8 )k B 48 b —
B VSIRMIE G A, R R A R 2 R
JEE e 40 R SR AR R USRI 5 i S (R B
B4, 2012; TD3EEL 45, 2014), FHIRTESE A(2005)
BT 1 km Y53 (8] RURE I e 28 il g S o v VL 5
AR RIAREE R B EAT T SRS ST
1.6 TiBFIFEIER

felb B FEIR R K B2, AR A
FEL ETE MBI A B FHERE . FE 19954 )3 sl i1 [
B = |/ Hb B AR AR (Turner 45, 1995) A1
20054F J7 87 423k £ #i 11X (Global Land Project,
2005) KBRS R HESD T, R B R

PH AT R [ SR A4 2 2 % IR AL RE R 4k
4 2 AN < 7 BN N 2 o TN 198 = 1
A A FE AL 32 2 12 e . Al + M B IR E
R S AL A B R R A R AR AW B U A A
I 8 % 3 S B R T SR AR R L 253 ) A o s
JERIRSE R, AR I T2 B FH 3 AR A
T AT B A AR M - 1 5 PR 4 B 2 AR R A B
(25, 2006), ZFIr204F (R PGE & R, 18 I8HE
AN TR A 28 RUBE T (4R b - i 9% 05 2 A ol v
ETEBER, LEMISME AR, B2
SN FH O AR T 2 1k

FLIA 0 A b = 5% 5 S 22 LI M B 25 4 Ry
KA R, T IR 5 s () AR
R, K5 HA A ) Oy =X 00 b B L ks
fit . HUBRFS R EARR 55, 2015b), BEARTTIEN
R H AR R R BT a4 2k
W KTk . M RTT R . SRR A
SIIRIRAE), DA R HAhRE SR 2R (PR 22 T M4 T
2L BIECR SIS L MIPLARR R L IRA 1R
TCAMREESR) (JHER 45, 2010). AN, XS
(207, A28 AR 045 [ AR IURRAF A9 1R 3¢
A3 AT 1 R 2 R B AE (1) 43 28 9 B R i B T
FEIEHRAE 43 2 B 25 e (Hu %6, 2013), 4R1M,
I AF A B b 32 J ) T A S e S T S ) R
B, — BRI A7 B PRk 2 s B E
P, OB A 0] 43 B R A 4 BROBE L 18 JER R U A i 2
EHR . WRYHZS [E) R 3 FMERISEUIE R 6] T 4Bk
300 m%s [H] 40 PR 1) 1 96 7 36 B4R GlobCover .
B2 RAE A R SEER] T 30m2s (8] 0 BRI 4
BRAE b 38 RS = 5, RIS 4R KR FROM-
GLCH s A B R Em B B F 0w
GlobeLand30%t#54E (Gong %5, 2013; Chen %%,
2015), KA BRpHh 1R B A 1 23 ) 43 HE R4
T10f%. A OA B2 RS A 5= i
T B R S A2 B TV Ok . ZIREURERL A
JETEAN [F) SR R o B8 8 A 6T e o B ety |, 3t
—E MBCE B ATRLG, EE 2 IREE AR R 7S
PR SRR O ORS R AE DT I A B AME, TR AN
BB A (Lu 55, 2016). BlG Ik E
F85 5T M5B i ml G L JE T RO0E — ok g il
G ETD-SIFIEFIS IR G . I T EEE
MIRA . ST ROM 424 BE (0 Bl AN 2L T 48 R



756 Journal of Remote Sensing & &5 4R 2016, 20(5)
Rl A 625 (il 45, 2016). HATN ) 12K Thenkabail % A(2015)F FH 43253 J i e 43 207

B 5 TR — BUE r Ar i Rl G 7 2 (Ramankutty
45 2008; Fritz 25, 2015)F3ET BI04 0 Rl
J71%:(Kinoshita 45, 2014; See %, 2015),

AR, s L REMS R AWITRA, &
b A b 5% 5 8 SR S R DG TE B A SR AR AR AN,
TF by F 5 S TE R 1 A1) ] 5 5 R 24 5 A5 A% Sy B L
Ak A b %) B[] 2 (BRI R 5 B 22 DA b 52
FEBORAT R, B R T AR — 4R LA LA JL
SN (PR, o b 5 g 5 R ) 2 B AR A e
() J7 5 A3 8 504 PN ) T30 1 A A o) A i A
5 VR S 2T T Bl %) U B A Sl S B A R s B
BRI GEE IR ST, 2004), ANFEZEFHR T
TSR 2 R i R W T vk, dn kT L
7L 5 R R SR T 1 R b 2 R £ B B (Canisius
45 2007; AEWNE ZF, 2009); TR XAUAER
B S PR PR R (S B, 2003), WE{E L R
7 2R 5 B Ry B b 52 i B0 B e ol Tz
AT (E 20 5, 2005; RZFEMR %, 2008; 23X
WAE, 2009; IRERAELL, 20135 THI%E
4, 2015), HARRE e S s SR bt 2
ARG, B —4F— 20 X B B B AR
T A d A B T 2, — 4 P 3 DX b ) A 4
O B 2R o e 35 ECUAE L P A3 50 R 3 A 1l
AR, H RO IA LTS B LR A R 2y
Pio SR, ALl (AL B AT R U R
B RTR S, OB AR S 2R & h T8
SR BN R P, UL, TR R . P
WEIAF B B VR A AR R AR AR B SRR 2 o 25
B H TR I A DA (ELEA T 0  B s

Ay, A b ) FH A 24 B 220 T B A7 - B T AR
P AR (B 4 . 57 B AR ) B AR S
Har, #EFHAC LM T/KGEH  BhERl M
i 7 5 A A5 Rl 1 b R R 4 24 ke o P A )
H o KRR R A K IR AR R R i, A —
SHEIE R . AR ALREY P, £5
(A AR W A 2 R 7K e b 3 R R B b o, FH e 2 1Y O
HEGEEDE 4, 2010), FAOMIS—3K 2 BRIENE /3 A
EIGMIA(D&1FISiebert, 2000). [E Rk %545 BRAF
ST T (TWMI)P) 2= BRHERE AR 7311 ]l GIAM(Thenkabail
4, 2009)HIMIRCA2000(Portmann %5, 2010)7]H
VB I S TR GE s BRI, W A2k
Jr B 7E K be b i K o KA R 5 N A

S T B Ganges and Indus It 38 %) 7K 58 50 A7
HIE s MutluflGarik(2000)F F PSR 2028 7 52
T R E K GEH A R A 7 25 5E s SalmonSE A
(015)ZrErimEk .. AEMLL G5 5dE, AN
BT E T 20054 A ERVEE . TR IR FIUKAE H 2
[ 434

BE T8 SR B A BB W AR P . S
TOCTERAAE (AR T3 S FITH [n] % G2 1 18 JBGE AR
3 ARGNGITTH T 2 Y R . =
S S e, RS I L Wy, 2
WG EA G o EBE R L 22 R . H
G E MO, HAS R AN, B
BN LT AME Fi B, AROR IR AR 5 25 40 48
TEVEM AT B, P, BT EaPeREiREgsg, K
FHTED ) %oF G2 07 2 R Bt A Ll il BT A 32 2805 s (%
A, 20075 ERARRFXI—/H, 2009; 4BFIAR
S5, 2014), [RG5S 0 LAE 2 o BRI Y
B g, A ALAT DL 38 43 25 B8 LY 1
17 B 2 /NS € D) &y IR S U S N PG 5 i Ve 9 30
TP HAZ SRS TIX I, WD MRS TR
i X G R AR $8 — PRI 7 — 8 AR B LU
DTS R DL GR B TOHE AR
IIRG, FrAs ) A Bt A4l 73 20 BE I & T4t
P g A . R T ) RG4S ok TR
IR A I R e H, (B B AE SR GRS o
BRGNS . sCEFIEREGE, 1/
B TR R RIS L, T X S s 4
5L, T SR o 5 4 T — 3t 5 1 e 4R A
IYREE D

b B 55 2 20t 4 rh v R R SR 1 —Fh LA
T REDAERKATE MR AR, fEhE
R BB, MR HE T, MR Rk
I 322 % A I Y 25 A Al - b 8 0588 R ) 4 7
M) BRE FH 30 mzs (8] 53K Landsat TMEHEE 1L
AR IR S5 0T 91X ) M B 5 o T b AR 3 T R
(Zhao 5%, 2004; YPYGmi, 2012; Lu %, 2014)5h,
22 B 53 S R K 25 8] 53 9% 232 1) e 4 i B
HEAT iR A 55 A S B2, WLevin 55 A1
m%E [A] 43 HE R K AISA-ESE DG ISR R BOb i, 5
PP 950 A} B R 8 €, T AR R BBORS B 3 501 35 311 9.0% il
70%LA | (Levin 45, 2007); Agiiera 25 A (2008)L4 K
AgilierafLiu(2009)% F H & KL SR 5 A



PrpivEr 45 . A BRI FHE R 5 e 2 757

Quickbird FNIKONOSFZ G FE R E KM, PiFpsZiR
BAEARG PRI BB K s Koc-SanA WorldView-
BRI, M T ERASRTE . BEALARMRRN SRR )
S ML A3 28 T X B B R = R SRR = R B B
71, SRR LR LR e, H OB
HLAR#R(Koc-San, 2013). Hasituya®§ A (2016)%5E
4% ¥ Landsat-8 OLIEHE 1 G IEFISCHRRE, #E5T
TR SR E ALY R AR U k. 4R
1, R G R 35 AR T F 9 22 1 /N IX I AT
DX dm R g S R )y R SR W AT AT T TR A
5¢; WA, A RS 24 e IR = R N HER
Shy 2 1 b RS W T 0 R e AR e R ) e M
(2 5 95%, HH199% Ay 37 Y b D) i Jgk W vl 7
FATH S

2 HEAOE AT ST R

r ] Al 78 B R BIF 5 5 e A 2048 A
TemERSHE, fEt = U KARKI04E, B
& o L I — 25 TR S A B e 5% 2 (i) FE Atk
Wi e, MAEEZMETREKY . b
FALAE . WM . B KEE . AN TR AR
FHARMERE, DRI &R R, 4l
AR S N — SR A R R, B2
A

(1) R s X — A A 1 A Ml 38 SRS 1 AR, 3
TR 110 R BRI A b 32 BRI 5 45 1o FH 1 Sty 7
ot £ B204F [ [ 32 A BT b B R TR B R A
TR, BAENFORBIG 2, Bl o A
BE, AN TR S BT
S 38 RO ot Ml 38 JERATY 5 5 IO FH ) TG AL BE R AN
i, TR R R S HO0N R TTHE WA 78 0 (R
R oK o SREEAVEY A K S e f A B
T BRI 18 R A KA AR b B R AR, Al
FE IR VR AR 5 B o R e
T 48 5 2 i i B, S AN R R
T RS T A SR A TE AR A B A RS M
AR R AR EEAE R . Soh, A AR E
TR, KR DEGEBINRITEN %% B L MiE
AR WP ] 5 S AR, b A i R AR ) T
P & J, ReJe T LR R g & XL,
S gl 2 R AL TR A B AR IR B . i ARl
HBHRE R, ASRIETH AMATC AN A2 32

SRR AR e RS I R I B A R o,
H A o AR IR BRI EL IR O A R T3 S
HEAE T I I A T A T RUR I, R T e T [
P FRERIT G SR REL i 15 A
Py K 190 2 A M 33 RSN AR Y B 2 R
AR r L Al 388 S AR BIF S 5 o PR A K s 1) —
P R IR AR A R A ST T TR

AT RES RBIRFPHEARMBL A . £l
AN EAE YIRS | R 2R T AR ) 2R R
B, RAEY A RRE R E B, #OEIEEE
ZREVNHIRGE o Hh T 1B BE AR B i B A 5%
P, AR B A IR, A [R5+
W SRR ORI A, B BRI
SR A 0 S TR R A R, T 2 S RR R
MR NTRRES REBIREARM AR,
Al 18 AR B R S 5 B S B i AR AL T AR B
AR RAR, LA e sl Al IR B e 5 B Y &
JE&.

(3) 4 GE A 18 2 14 187 FH Yo BRI P 45
I Al 3 A i 25 204F, FEAEHEAL . ARV AR IR
IS PRGN TR A BURRCRITPAS
SEI7 AR IT RIS AT, I HARR0 A s N
JO7 P8 B AR AT R AT 5T, e R VR 3t
R TAE . BB ARNE N — T TR AR
WIS 5 B 22 A SURELAT Tz b SR, i
5 A G FAL 2R S XA, AT LTS
Lo EHES A AR R R, [) I 3 Ao 5 Ry
s R RO B R FIE 5 ORI AR &R

S 3L (References)

Agiiera F, Aguilar F J and Aguilar M A. 2008.Using texture analysis to
improve per-pixel classification of very high resolution images for
mapping plastic greenhouses. ISPRS Journal of Photogrammetry
and Remote Sensing, 63(6): 635-646 [DOI:10.1016/j.isprsjprs.
2008.03.003]

Agiiera F and Liu J G. 2009.Automatic greenhouse delineation from
QuickBird and Ikonos satellite images. Computers and Electron-
ics in Agriculture, 66(2): 191-200 [DOI: 10.1016/j.compag.
2009.02.001]

Atzberger C. 2013. Advances in remote sensing of agriculture: context
description, existing operational monitoring systems and major in-
formation needs. Remote Sensing, 5(2): 949-981 [DOI: 10.
3390/rs5020949]

Bai YL, Yang L P, Wang L, Lu Y L and Wang H. 2010.Theagricul-



758 Journal of Remote Sensing

ERFIR 2016, 20(5)

turelow-altitude remote sensing technology and its application pro-
spect.Agriculture Network Information, (1): 5-7 (F i1, #15E,
FA, HEI, 5. 2010, FMPARES BB AR KNI 4%
W MZ45 B, (1): 5-7) [DOI: 10.3969/j.issn.1672-6251.2010.01.
002]

Cai J and Jiang D. 2011. The effect of climate change on winter wheat
production in China. Journal of Agro-Environment Science, 30(9):
1726-1733 (F£&1, 227K, 2011, AR 4/ N2 A 2 15
M. A FRFERFE2EAR, 30(9): 1726-1733)

Canisius F, Turral H and Molden D. 2007.Fourier analysis of historical
NOAA time series data to estimate bimodal agriculture. Interna-
tional Journal of Remote Sensing, 28(24): 5503-5522 [DOI:
10.1080/01431160601086043]

Chen H L, Li Y and Zhang H W.2015.Operational application and re-
search review of crop growthmonitoring with remote sensing.
Meteorological and Environmental Sciences, 38(1): 95-101 (14
55, R, SRELTL. 2015, RAEY K BRI MEINL 5540 H 5 1

. S5 R, 38(1): 95-101) [DOI: 10.3969/j.issn.
1673-7148.2015.01.013]

Chen J, Chen J, Liao A P, Cao X, Chen L J, Chen X H, He C Y, Han G,
Peng S, Lu M, Zhang W W, Tong X H and Mills J. 2015. Global
land cover mapping at 30 m resolution: a POK-based operation-
alapproach. ISPRS Journal of Photogrammetry and Remote Sens-
ing, 103:7-27 [DOI:10.1016/j.isprsjprs.2014.09.002]

Chen S S, Liu Q H, Chen L F, Li J and Liu Q. 2005. Review of re-
search advances in remote sensing monitoring of grain crop area.
Transactions of the CSAE, 21(6): 166-171 (B5/K#%, 4K K, B K

By, 2, X9 2005, MUETEYHRFD R RUE IS L HE . R
b TA22=4, 21(6): 166-171) [DOI: 10.3321/j.issn:1002-6819.
2005.06.037]

Chen Z X, Li S, Ren J Q, Gong P, Zhang M W, Wang L M, Xiao S L
and Jiang D H. 2008. Monitoring and management of agriculture
with remote sensing//Liang S L, ed. Advances in Land Remote
Sensing: System, Modeling, Inversion and Application. Nether-
lands:Springer: 397-421 [DOI: 10.1007/978-1-4020-6450-0_15]

Chen Z X, Liu H Q, Zhou Q B, Yang G X and Liu J. 2000. Sampling
and scaling scheme for monitoring the change of winter wheat
acreage in China.Transactions of the CSAE, 16(5): 126-129 (B fi
B XS, R, R, KR 2000. 4 E A /NEZ AL

TR M DHAARE S MEE T H: ST, £l TR 224, 16(5): 126-129)
[DOI: 10.3321/j.issn:1002-6819.2000.05.033]

Chen Z X, Zhou Q B, LiuJ, Wang L M, Ren J Q, Huang Q, Deng H,
Zhang L and LiD D. 2011. CHARMS-China agricultural remote
sensing monitoring system//Proceedings of 2011 IEEE Interna-
tional Geoscience and Remote Sensing Symposium
(IGARSS’2011). Vancouver, BC: IEEE: 3530-3533 [DOI:
10.1109/IGARSS.2011.6049983]

Cheng Y X, Wang X Z, Guo J P, Zhao Y X and Huang J F. 2012.

Methods review of monitoring, evaluation and forecasting ofcrop
cold damage.Chinese Journal of Agrometeorology, 33(2):
297-303 (EFH M, EFE, FAT, RHEE, Wi 2012, &4k
PIARIR VA 5 W DAL Je TR 7 ik PRk, R R4, 33(2):
297-303) [DOI: 10.3969/j.issn.1000-6362.2012.02.023]

Chosa T, Miyagawa K, Tamura S, Yamazaki K, liyoshi S, Furuhata M
and Motobayashi K. 2010. Monitoring rice growth over a produc-
tion region using an unmanned aerial vehicle: preliminary trial for
establishing a regional rice strain//Proceedings of the 3rd IFAC In-
ternational Conference Agricontrol. Australia: IFAC [DOI:
10.3182/20101206-3-JP-3009.00031]

Ding M J, Chen Q, Xin L J, Li L H and Li X B. 2015. Spatial and tem-
poral variations of multiple cropping index in China based on
SPOT-NDVI during 1999-2013. Acta Geographica Sinica, 70(7):
1080-1090 (THA%, Bifl, FRA, 2220, 2HH.2015.
1999-20134F 1 *#i’@ﬂﬁ?n?ﬂ(ﬂ@ﬂﬂ‘%?ﬁ’ﬁ*ﬁ%. AR,
70(7): 1080-1090) [DOI: 10.11821/d1xb201507005]

Doll P and Siebert S. 2000. A digital global map of irrigated areas.ICID
Journal, 49(2): 55-66

Dong T T, Wang Z Yand Wu Y F. 2010.Progress in the research on
classification of irrigated land and dry land. Remote Sensing In-
formation, (4): 129-134 (%i@@, TR, R FWE. 2010. /K HEHE
52Ut . BEE R, (4): 129-134) [DOI:
10.3969/j.issn.1000-3177.2010.04.023]

Du X, WuBF, Li Q Z, Meng J H and Jia K. 2009.A method to estim-
ated winter wheat yield with the MERIS data//Proceedings of Pro-
gress in Electromagnetics Research Symposium. Beijing: PIERS

Fan J L and Wu B F. 2004. A methodology for retrieving cropping in-
dex from NDVI profile. Journal of Remote Sensing, 8(6): 628-636
(uHRIE, SINTT. 2004, SRS ROE IR W5 vk BRI, 8(6):
628-636) [DOL: 10.11834/jrs.20040613]

Fang H L, Liang S L, Hoogenboom G, Teasdale J and Cavigelli M.
2008.Corn-yield estimation through assimilation of remotely
sensed data into the CSM-CERES-Maize model. International
Journal of Remote Sensing, 29(10): 3011-3032 [DOI:10.1080/
01431160701408386]

Feng L, Wu W, Chen X L, Tian L Q, Cai X B and Su G Z. 2010.Dis-

eases and insect pests area monitoring for winter wheat based on-

HJ-CCD imagery.Transactions of the CSAE, 26(7): 213-219 (1%

M, R, BRIERY, TWALSY, ek, 75 [ Ik, 2010. &£ THITLA
CCDHUE 46 /INZ g U T BRI el TR 2440, 26(7):
213-219) [DOLI: 10.3969/.issn.1002-6819.2010.07.037]

Feng M C, Wang C, Yang W D, Zhang M J and Xiao L J. 2014. Pro-
gress of remote sensing monitoring crop chilling and freeze injury.
Journal ofShanxi AgriculturalUniversity(Natural Science Edition),
34(4): 296-300 (IBIEE, LMt HilAl, sEMR, BBk, 2014 R
VEYIVS VR 3 38 SR I A 5t . LV R R 22 4 (AR
i), 34(4): 296-300) [DOIL: 10.3969/j.issn.1671-8151.2014.



BRAbsgr 4. Al am B o N ke 5 e 759

04.002]

Feng S Y, Ma Y, Huo Z Land Song X F. 2012. Simulation study of

field water transformation under deficit irrigation with SWAP
model. Transactions of the CSAE, 28(4): 60-68 (%41 7C, D3, 2
TR, RERTT. 2012. 3500 HE A1 AR K 2054 AL SW AP
L. Al TRE2E3R, 28(4): 60-68) [DOT: 10.3969/.issn.1002-
6819.2012.04.010]

Feng W, Yao X, Zhu Y, Tian Y C and Cao W X.2008.Monitoring leaf

nitrogen concentration by hyperspectral remote sensing in
wheat.Journal of Triticeae Crops, 28(5): 851-860 (45, Wk, &
#, FAGH, & TR, 2008. BT G @ By /N b & Al
W IBLAIFTY. 2 JVEMA4I, 28(5): 851-860)

Fritz S, See L, McCallum I, You L, Bun A, Moltchanova E, Duerauer

M, Albrecht F, Schill C, Perger C, Havlik P, Mosnier A, Thornton
P, Wood-Sichra U, Herrero M, Becker-Reshef I, Justice C, Hansen
M, Gong P, Abdel Aziz S, Cipriani A, Cumani R, Cecchi G,
Conchedda G, Ferreira S, Gomez A, Haffani M, Kayitakire F,
Malanding J, Mueller R, Newby T, Nonguierma A, Olusegun A,
Ortner S, Rajak DR, Rocha J, Schepaschenko D, Schepaschenko
M, Terekhov A, Tiangwa A, Vancutsem C, Vintrou E, Wenbin W,
van der Velde M, Dunwoody A, Kraxner F and Obersteiner M.
2015. Mapping global cropland and field size. Global Change Bio-
logy, 21(5): 1980-1992 [DOI: 10.1111/gcb.12838]

using spectral and textural features. Remote Sensing, 8(4): 353

[DOL: 10.3390/rs8040353]

He J, Liu B F and Li J. 2014.Monitoring model of leaf area index of

winter wheat based on hyperspectral reflectance atdifferent growth
stages. Transactions of the Chinese Society of Agricultural Engin-
eering, 30(24): 141-150 (3%, XvkéE, 227, 2014, R[FAF B
2 /N2 o T FRAE B0 Dl 1 R R AR Y Al TR AR,
30(24): 141-150) [DOL: 10.3969/.issn.1002-6819.2014.24.017]

He Y J, Pan X B, Pei Z Y, Ma S J, McNirn H andShang J L. 2013. Es-

timation of LAI and yield of sugarcane based on SPOT remote
sensing data.Transactions of the Chinese Society for Agricultural
Machinery, 44(5): 226-231 (il F4H, W2&br, EiE, DA,
McNirn H, Shang J L. 2013. 3£F SPOT: B 1) H ER - 1 £
TRBOE R GG 4O HIEIR, 44(5): 226-231) [DOL:
10.6041/1.issn.1000-1298.2013.05.039]

HuQ,WuWB,XiaT, YuQY, Yang P, Li Z G and Song Q. 2013. Ex-

ploring the use of Google Earth imagery and object-based meth-
ods in land use/cover mapping. Remote Sensing, 5(11):

6026—-6042 [DOI:10.3390/rs5116026]

Hua G Q.2011. Study on maize growth monitoring and maize mapping

based on full-polarization SAR data.Nanjing: Nanjing University
of Information Science and Technology (fLIE5. 2011. ZF 44k
S ARBE T oK < Al I L2 i P 5 B At R B f B TR R

Global Land Project. 2005. Science Plan and Implementation Strategy. )
Stockholm: IGBP Secretariat Huang M Y, Wang J H, Huang Y D, Huang W J, Zhao C J and Liu L

Gong P, Wang J, Yu, L, Zhao Y C, Zhao Y Y, Liang L, Niu Z G, Y. 2004. Research progress for monitoring the winter wheat

Huang X M, FuHH, LiuS,LiCC,Li X Y, Fu W, Liu C X, Yue
X, Wang X Y, Cheng Q, Hu L Y, Yao W B, Zhang H, Zhu P,
Zhao ZY, Zhang HY, Zheng Y M, JiL Y, Zhang Y W, Chen H,
Yan A, Guo J H, Liang Y, Wang L, Liu X J, Shi T T, Zhu M H,
Chen Y L, Yang G W, Tang P, Xu B, Giri C, Clinton N, Zhu Z L,
Chen J and Chen J. 2013. Finer resolution observation and monit-
oring of global land cover: first mapping results with Landsat TM
and ETM+ data. International Journal of Remote Sensing, 34(7):

2607-2654 [DOI:10.1080/01431161.2012.748992]

Gu Z H. 2003. A study of calculating multiple cropping index of crop

in China using SPOT/VGT multi-temporal NDVI data. Beijing:
Beijing Normal University (3254 2. 2003. i B f& B9 & Fhig %

striperust by hyperspectral remote sensing. Journal of Anhui Agri-
cultural University, 31(1): 119-122 (3§ A5y, E4218, ¥ Ll #
SCIT, BARTT, XIR 2. 2004, EOGIE R M 4/ N 2R BRI HY
Tl JR (SR, UL K 2F243)k, 31(1): 119-122 ) [DOI:
10.3969/.issn.1672-352X.2004.01.027]

Huang Q, Li D D, Chen Z X, Liu J and Wang LM. 2012.Monitoring of

planting area and growth condition of winterwheat in china based
on MODIS data.Transactions of the Chinese Society for Agricul-
tural Machinery, 43(7): 163167 (¥, 25/, Bifpsr, i, £
FIRE. 2012, HTMODIS K A&/ A2 Pk T AR R AR B S 1

FEI FANHU AR, 43(7): 163-167) [DOIL: 10.6041/j.issn.
1000-1298.2012.07.030]

TN ST 5T ——3E F SPOT/VGTE I AHND VIR B 4L
%’E Jtat: SRR REE)
Guo L, Pei ZY, Zhang SL, Sun J Y, Liang Z L and Teng D J. 2010.Es-

Huang Q, Tang H J, Zhou Q B, Wu W B, Wang LM and Zhang
L.2010. Remote-sensing based monitoring of planting structure
and growthcondition of major crops in Northeast China.Transac-
tions of the CSAE, 26(9): 218-223 (¥, MR, JAW Ik, 53
Wk, AR, JKAT. 2010, ZRACH X 5 B R 25 b 18 B 1
RACHWEI. gl TRES4R, 26(9): 218-223) [DOI: 10.3969/j.
issn.1002-6819.2010.09.037]

timation method of sugarcane leaf area index using HJ CCD im-
ages.Transactions of the CSAE, 26(10): 201205 (8Hf, FE & ic,
TRFME, PMADE, B2 T, B4 2010 2T 358 LCCDEIRIY
HRE T B RS iR £l TR, 26(10): 201-205)
[DOI: 10.3969/j.issn.1002-6819.2010.10.034]

Hasituya, Chen Z X, Wang L M, Wu W B, Jiang Z W and Li H. 2016.

Huang Q, Teng F, Ren J Q, Wu W B, Li D D and Deng H. 2012. The
application of China-CGMS in the main crop growth monitoring

Monitoring plastic-mulched farmland by Landsat-8 OLI imagery in Northeast China//Proceedings of the 1st International Confer-



760 Journal of Remote Sensing

#2016, 20(5)

ence on Agro-Geoinformatics. Shanghai: IEEE [DOI: 10.1109/
Agro-Geoinformatics.2012.6311698]

Huang Q, Zhou Q B, Wang L M and Li D D. 2014.Relationship
between winter wheat growth grades obtainedfrom remote-sens-
ing and meteorological factor. Transactions of the Chinese Soci-
ety for Agricultural Machinery, 45(12): 301-307 (57, AV,
EHR, 28T 2014, FETREADERBERSILHT
HFNELHT. LA HLIRAHR, 45(12): 301-307) [DOL: 10.6041/
j.1ssn.1000-1298.2014.12.043]

Ji S Q, Zhang Y S, Guan D X and Zhang S J.1998. Remote sensing
monitoring on crop chilling damage and meteorological predic-
tion. Journal of Shenyang Agricultural University, 29(1): 16-20
G ADEE, SREAD, SCHEHT, SKIBUR. 1998, 1L T M X AE IR %
PR BRI R R TR U R AR R2F 224K, 29(1): 16-20)

Jia M Q. 2013. Research on rice microwave scattering mechanism and
parameter inversion. Chengdu: University of Electronic Science
and Technology of China (BYHIAX. 2013. /K F& o U Rt o7
RZBHR . R T RHO)

JiaY Q,LiB, Cheng Y Z, Liu T, Guo Y, Wu X H and Wang LG. 2015.
Comparison between GF-1 images and Landsat-8 images in mon-
itoringmaize LAl Transactions of the Chinese Society of Agricul-
tural Engineering, 31(9): 173-179 (%% £k, 250K, TR, X,
e, RFLL, EKMI. 2015, JE T GF-15Landsat-8 2 1521k
AR M B R LA 3 . £l TA22#3R, 31(9): 173-179) [DOL:
10.11975/5.issn.1002-6819.2015.09.027]

Jiang D, Wang N B and Yang X H. 1999. Study on forecasting of crop
yield using satellite remote sensing in China. Chinese Journal of
Nature, 21(6): 351-355 (YLA&, 9K, #/Mfk. 1999. FREAR &
YEM TR B A ™ MBTTE. AARAE, 21(6): 351-355) [DOL:
10.3969/j.issn.0253-9608.1999.06.012]

Jiang X D, Xu Z'Y and Lou J.2001. Study on monitering winter wheat-
sown areas in northern Anhui province by use of the CBERS-
Isatellite remote sensing image. Geology of Anhui, 11(4):
297-302 (B4, HRT, 2642, 2001, 1 ICBERS-1 T2 ¥
AT LA AL/ N R AU IR B, 11(4):
297-302) [DOI: 10.3969/j.issn.1005-6157.2001.04.013]

JiangZ W, Chen Z X, Chen J, Liu J, Ren J Q, LiZ N, Sun L and Li H.
2014a. Application of crop model data assimilation with a particle
filter for estimating regional winter wheat yields. IEEE Journal of
Selected Topics in Applied Earth Observations and Remote Sens-
ing, 7(11): 4422-4431 [DOI: 10.1109/JSTARS.2014.2316012]

Jiang Z W, Chen Z X, Chen J, Ren J Q, Li Z N and Sun L. 2014b. The
estimation of regional crop yield usingensemble-based four-di-
mensional variational data assimilation. Remote Sensing, 6(4):
2664-2681 [DOI:10.3390/rs6042664]

Jiang Z W, Chen Z X, Ren J Q andZhou Q B. 2012. Estimation of crop
yield using CERES-Wheat model based on particle filterdata as-

similation method. Transactions of the Chinese Society of Agri-

cultural Engineering, 28(14): 138146 (2351, MrAir, {F a8,
JEEE. 2012, 798I [ 46 7 1 7ECERES-Wheat/E ¥ R L
PR R AR T RR2AAR, 28(14): 138-146) [DOI: 10.3969/5.
issn.1002-6819.2012.14.022]

Jiang Z W. 2012.Study of the remote sensing data assimilation techno-
logy for regional winter wheat yield estimation.Beijing: Chinese
Academy of Agricultural Science (Z=iiffi. 2012. XA /N Ak
77 B TR R L BOR ST b s OB EBERE 7T AE Be)

Jiao X F, Yang B J and Pei Z Y. 2006. Paddy rice area estimation us-
ing a stratified sampling method with remote sensing in
China.Transactions of the CSAE, 22(5): 105-110 (£ 14, 23
2N, BRI, 2006. FE T 73R A4 v A RS AL T A A
IR, fll TR, 22(5): 105-110) [DOI: 10.3321/j.issn:
1002-6819.2006.05.024]

Jin A F. 2000.Geographical distribution of delayed chilling injury of
bean in Yanbian.Yanji: Yanbian University (42 25.2000. &3/
DR T2 AEPAE IR B8 ) MBI S3 A LRI 9 A 7 - AT R F)

Ju W M, Sun H and Tang Z C. 1997. Estimation of flooded area with
weather satellite remote sensing technique.Scientia Meteorologic-
al Sinica, 17(2): 131-136 (JE N, IMNE, HEK. 1997 K2 TLE
BIEARS TR IRBE, 17(2): 131-136)

Kinoshita T, Iwao K and Yamagata Y. 2014.Creation of a global land
cover and a probability map through a new map integration meth-
od. International Journal of Applied Earth Observation and Geoin-
formation, 28: 7077 [DOI: 10.1016/j.jag.2013.10.006]

Koc-San D. 2013.Evaluation of different classification techniques for
the detection of glass and plastic greenhouses from WorldView-2
satellite imagery. Journal of Applied Remote Sensing, 7(1):
073553 [DOI: 10.1117/1.JRS.7.073553]

Kong LY, Yan H, Bao Y S and Chen H L. 2012.Remote sensor monit-
oring method for winter wheat growth based on keydevelopment
periods. Chinese Journal of Agrometeorology, 33(3): 424430 (fL
A8, FESL, SRS, PRIRSE. 2012, SR T A T/ NE K
FB BT, P EARLRZ, 33(3): 424-430) [DOL:
10.3969/j.issn.1000-6362.2012.03.016]

Kuenzer C, Guo H D, Huth J, Leinenkugel P, Li X W and Dech S.
2013. Flood mapping and flood dynamics of the Mekong Delta:
ENVISAT-ASAR-WSM based time series analyses. Remote Sens-
ing, 5(2): 687-715 [DOI: 10.3390/rs5020687]

Leng P, Song X N, Li ZL, MaJ W, Zhou F C and Li S. 2014. Bare sur-
face soil moisture retrieval from the synergistic use of optical and
thermal infrared data. International Journal of Remote Sensing,
35(3): 988-1003 [DOI: 10.1080/01431161.2013.875237]

Levin N, Lugassi R, Ramon U, Braun O and Ben-Dor E. 2007.Remote
sensing as a tool for monitoring plasticulture in agricultural land-
scapes. International Journal of Remote Sensing, 28(1): 183-202
[DOI: 10.1080/01431160600658156]

LiHL and Luo Y. 2009. Spatiotemporalvariations of crop radiation use



WRAhoT 26 . Al BT

R I el 761

efficiency and harvest index: research progress.Chinese Journal of
applied ecology, 20(12): 3093-3100 (Z=47 R, B %%. 2009. fEYL
AE I 28R R WSCR 8 B 25 AR AR T . o AR 2523,
20(12): 3093-3100)

LI H, Chen ZX, Jiang Z W, Wu W B, Ren J Q, Liu B and Hasituya.
2016a. Comparative analysis of GF-1, HJ-1, and Landsat-8 data
for estimating the leaf area index of winter wheat.Journal of Integ-
rative Agriculture [DOI: 10.1016/S2095-3119(15)61293-X]

LI H, Jiang Z W, Chen Z X, Ren J Q, Liu B and Hasituya. 2016b. As-
similation of temporal-spatial leaf area index into the CERES-
Wheat model with Ensemble Kalman Filter and uncertainty as-
sessment for improving winter wheat yield estimation. Journal of
Integrative Agriculture [DOI: 10.1016/S2095-3119(16)61351-5]

LiJ G, Huang S F and Li J R. 2010. Research on extraction of water
body from ENVISATASAR images: a modified Otsu threshold
method. Journal of Natural Disaster, 19(3): 139-145 (Z=5tH, #
TF, 220 N, ENVISAT TLE Sei#t & LR T A Bdi K i
TF 50 - A ) i DR 2K () 22 BB . A AR R B 24, 19(3):
139-145) [DOTI: 10.13577/5.jnd.2010.0323]

LiJ,Ren HL, Liu S and Tang X L. 2012. Quantitative analysis of re-
mote sensing monitoring information of rainstorm and floodin
2010, Jilin.Jilin Meteorology, (2): 38—41 (Zfi, L2135, XL, Ji
BEEe. 2012, 201048 B Z2 75 A8 e AR R b 87 IR I I 5
B SE BT, HHRRR, (2): 38-41)

Li KL, Jiang JJ, Mao RZ and Ni SX.2005.The modeling of vegetation
through leaf area index by means of remote sensing.Acta Ecolo-
gica Sinica, 25(6): 14911496 (Z=JF 0, ¥ %, FoRIE, (RAHE.
2005, AN TR S BOR IR . AR AR A, 25(6):
1491-1496) [DOI: 10.3321/j.issn:1000-0933.2005.06.038]

Li WG, LiZJ and Yang C. 2010.Grading monitoring of winter wheat
growth condition by CBERS satellite image.Journal of Agricultur-
al Science and Technology, 12(3): 79-83 (Z= L[, Z1E4:, Mi%.
2010. ZFCBERSIBIEAIA /N KA. v Rl B
T4, 12(3): 79-83) [DOI: 10.3969/j.issn.1008-0864.2010.03.14]

Li W G, Zhao C J, Wang J Hand Liu L Y. 2007.Research situation and
progress of wheat condition monitoring based on growth model
and remote sensing.Remote Sensing for Land & Resources, (2):
6-9 (FLLME, BAFIL, EL4E, XIR =, 2007. & EFIA: KRR
S5 I/ NE RS S LR SR [ - BRI, (2): 6-9)
[DOLI: 10.3969/j.issn.1001-070X.2007.02.002]

Liang L, Yang M H, Zhang L P and Lin H. 2011.Wheat leaf area index
inversion using hyperspectral remote sensingtechnology.Spectro-
scopy and Spectral Analysis, 31(6): 1658-1662 (%242, ##H4E, 5k
HEE, MR 2011, /N M TRTARER B W DG S D2 5 s
8T, 31(6): 1658-1662) [DOI: 10.3964/j.issn.1000-0593(2011)
06-1658-05]

LiuF, Li CJ, Dong Y Y, Wang Q, Wang J H andHuang W J. 2011.

Monitoring crop growth based on assimilation of remote sensing

data and cropsimulation model. Transactions of the CSAE, 27(10):
101-106 (X, 25774, 2%, T, T4, # T, 2011, 3¢
T B S R A KR R B AR S . Rolk T AR
%, 27(10): 101-106) [DOI: 10.3969/j.issn.1002-6819.2011.
10.018]

Liu G D, Wu M Q, Niu Z and Wang C Y. 2015. Investigation method
for crop area using remote sensing sampling based on GF-1 satel-
lite data. Transactions of the Chinese Society of Agricultural En-
gineering, 31(5): 160-166. (X [E4%, SEHIAL, 4~ M. 2015.
HET GF-1 1L B B A A AWy R IR B Bt o) 5 05 vk Al
TRE2AHR, 31(5): 160-166) [DOI: 10.3969/j.issn.1002-6819.
2015.05.023]

Liu H J, Zhao C J, Wang J H, Huang W J and Zhang X L.2011. Soil or-
ganic matter predicting with remote sensing image in typicalblack-
soil area of Northeast China.Transactions of the CSAE, 27(8):
211-215 (XIHZE, BARTT, E2008, OO, JKHTR. 2011, BL
HHY X+ e LR RSO . Al TR A4, 27(8): 211-215)
[DOLI: 10.3969/j.issn.1002-6819.2011.08.036]

LiuJ S, Cao W B and Ma R. 2008.Study on remote sensing estimation
models about LAI of cotton. Scientia Agricultura Sinica, 41(12):
4301-4306 (X2, W M, Tha%. 2008. Fi LM HIAUE K&
AR IE. pEAR R, 41(12): 4301-4306) [DOL:
10.3864/j.issn.0578-1752.2008.12.048]

Liu LY, Huang M Y, Huang W J, Wang J H, Zhao C J, Zheng L F and
Tong Q X. 2004. Monitoring stripe rust disease of winter wheat
using multi-temporalhyperspectral airborne data.Journal of Re-
mote Sensing, 8(3): 275-281 (X R =, B ARG, #3CIT, F44E,
XL, KR4 5%, BPAS.2004. FI I 2 BHAR I G i as 5
W2 /N 540005 TR BH AR, 8(3): 275-281) [DOL: 10.11834/jrs.
20040313]

Liu L, Shen R P and Ding G X. 2011. Studies on the estimation of soil
organic matter content based on hyper-spectrum.Spectroscopy and
Spectral Analysis, 31(3): 762-766 (X%, W, T EF. 2011.
ST RO LA VLTS B AT, LRk 5O T,
31(3): 762-766) [DOI: 10.3964/j.issn.1000-0593(2011)03-0762-
05]

Liu T, Su W, Wang C, Liu R, Li Z and Jiang F F. 2016. A method of
estimating maize LAI using airborne LiDAR data. Journal of
China Agricultural University, 21(3): 104-111 (X, 73445, F ik,
XN, 2596, FJ7T7. 2016, H=THLELIDARKEE I K IR
FRBUIH. TP ELOREER, 21(3): 104-111) [DOL: 10.11841/
j-1ssn.1007-4333.2016.03.14]

LuLZ DiLPandYeY M. 2014.A decision-tree classifier for extract-
ing transparent plastic-mulched landcover from Landsat-5 TM im-
ages. IEEE Journal of Selected Topics in Applied Earth Observa-
tions and Remote Sensing, 7(11): 4548-4558 [DOI:10.1109/
JSTARS.2014.2327226]

Lu M, Wu W B, Zhang L, Liao A P, Peng S and Tang H J. 2016. A


http://dx.doi.org/10.1016/S2095-3119(15)61293-X
http://dx.doi.org/10.1016/S2095-3119(16)61351-5
http://dx.doi.org/10.1016/S2095-3119(15)61293-X
http://dx.doi.org/10.1016/S2095-3119(16)61351-5

762 Journal of Remote Sensing

#2016, 20(5)

comparative analysis of five global cropland datasets in China.
Science China Earth Sciences, in press

LuoJ,PanY C, Wang J H, Lu Z, Cao R L and Yan G J. 2007. Study on
building agricultural resource information collection technology
based on high-resolution remote sensing image. Geography and
Geo-information Science, 23(3): 51-54 (B 7%, ¥ f, F4 18,
RO, B R TE, fa A 2007, BET R BEARIR G R ISR
W FEVF SREHARNIFY. H B 5 HIBE BRLE, 23(3): 51-54)
[DOTI: 10.3969/j.issn.1672-0504.2007.03.012]

MaY P, Wang S L, Zhang L and Hou Y Y. 2005.A preliminary study
on the re-initialization/re-parameterization of a crop model based
on remote sensing data.Acta Phytoecologica Sinica, 29(6):
918-926 (B K-, TAo7, 1AL, FFUEMT. 2005. I THEEME B
VEVIRE BT B W IR AL/ S8 T R PR. W A= 2230,
29(6): 918-926)

Meng J H. 2006. Research to crop growth monitoring indicators with
remote sensing.Beijing: Graduate School of Chinese Academy of
Sciences (FF4k4E. 2006. RAEY) K E@IRMEMFEHRAFST. Jbat:
rhEREEBEIFTE A Be)

Mo W H. 2006.Monitoring flood disaster with remotely sensed data
from EOS/MODIS. Nanjing: Nanjing University of Information
Science and Technology (BAfifE. 2006. #:FEOS/MOD-
IS LR B (Y Ut 37 9 55 8 ey I I PR ST, it Bt
B

Ozdogan M and Gutman G. 2008. A new methodology to map irrig-
ated areas using multi-temporal MODIS and ancillary data: an ap-
plication example in the continental US. Remote Sensing of Envir-
onment, 112(9): 3520-3537 [DOI: 10.1016/j.rs¢.2008.04.010]

Niu Z, Chen Y H, Sui H Z, Zhang Q Y and Zhao C J. 2000.Mechanism
analysis of leaf biochemical concentration byhigh spectral remote
sensing. Journal of Remote Sensing, 4(2): 125-130 (44, Bk 1E,
FEULE, SKPCI, BAFRIL. 2000. I F 224 53 UGG i IR
MAHLFRAT. TR, 4(2): 125-130) [DOI: 10.11834/jrs.
20000208]

Pan B, Zhao G X, Zhu X C and Wang N N. 2012.Estimation of phos-
phorus content in apple tree canopy based on hyperspectrum. In-
frared, 33(6): 27-31 (W1, AP, JRTLT, LURLR. 2012, B
o5 DG 1 3 SRR S SR AR DA IR RURTF 5. 4146, 33(6):
27-31) [DOI: 10.3969/j.issn.1672-8785.2012.06.006]

PanY Z, Zhang J S, Zhu W Q and Zhao J H. 2013.Grain Crop Acreage
Statistical Measurement and Yield Estimation by Remote Sensing.
Beijing: Science Press (HEA., TKER/K, RCR, B HEE. 2013.
B VEY R ARG TR A 5 A7 Ut R D)

Pei ZY and Yang B J. 1999.Study on macroscopical flood hazard mon-
itoringbyremote sensing using NOAA image. Transactions of the
CSAE, 15(4): 203-206 (53, . 1999. M HINOAAKIA
HEAT I Rt 15 9 TR IR MR I R BIF 9. Al TREZ2 3R, 15(4):
203-206) [DOTI: 10.3321/j.issn:1002-6819.1999.04.041]

Portmann F T, Siebert S and Doll P. 2010. MIRCA2000-Global
monthly irrigated and rainfed crop areas around the year 2000: a
new high-resolution data set for agricultural and hydrological
modeling. Global Biogeochemical Cycles, 24(1): Gb1011[DOI:
10.1029/2008gb003435]

Qi S H, Wand J B, Zhang Q Y, Luo C F and Zheng L. 2005.Study
onthe estimation of air temperature from MODIS data. Journal of
Remote Sensing, 9(5): 570-575 (GFikte, LZEFK, kIR HL, 38
R, FBK. 2005. FFIMODISIE BGE AR M 2= <R 9 77 7
WF5E JBIEEAR, 9(5): 570-575) [DOI: 10.11834/jrs.20050583]

Qian Y L, Hou Y Y, Yan H, Mao L X, Wu M X and He Y
B.2012.Global crop growth condition monitoring and yield trend
prediction with remotesensing. Transactions of the Chinese Soci-
ety of Agricultural Engineering, 28(13): 166171 (&K %, 54
W, AR, BRI, ST, ATRER. 2012, BT Ry = MEY
KW 7 i T, gl TR, 28(13): 166-171)

Ramankutty N, Evan A T, Monfreda C and Foley J A. 2008.Farming
the planet: 1. Geographic distribution of global agricultural lands
in the year 2000. Global Biogeochemical Cycles, 22(1):
GB1003[DOI:10.1029/2007GB002952]

Ren J Q, Chen ZX, Tang H J and Shi R X. 2006.Regional yield estima-
tion for winter wheat basedon net primary production model.
Transactions of the CSAE, 22(5): 111-117 ({58, AP, fFHte
R, AT, 2006. K AP A: 7 SR K IRAC N2 Al
FERFSE. Al T A4, 22(5): 111-117) [DOI: 10.3321/j.issn:
1002-6819.2006.05.025]

Ren J Q, Chen Z X, Tang H J, Zhou Q B and Qin J. 2011. Regional
crop yield simulation based on crop growth model and remote
sensing data. Transactions of the CSAE, 27(8): 257264 ({L &5,
FRmin, JEAeRR, JRVE B, 225, 2011, SE T s B SR K
PREAY ) DB B AL ARl TR 4R, 27(8): 257-264)
[DOLI: 10.3969/j.issn.1002-6819.2011.08.045]

Ren J Q, Chen Z X, Tang H J and Zhou Q B. 2007. Yield estimation for
winter wheat at regional scale usinglong-time series NOAA-NDVI
data. Remote Sensing Technology andApplication, 22(3): 326-332
(IR, BRMolr, AR, FTTE. 2007, KIEFSINOAA-
ND VB 74 /N A2 DI Al 7 i B R . 38 AR 5 1
22(3): 326-332) [DOI: 10.3969/j.issn.1004-0323.2007.03.005]

Ren J Q, Chen Z X, Zhou Q B, Liu J and Tang H J.2015. MODIS ve-
getation index data used for estimating corn yield in USA. Journal
of Remote Sensing, 19(4): 568-577 ({EAEE, M, JAVEUL, X1
&, BHER. 2015. MODISAE 8 Y 56 [ £ K B 32 I .
TEREFR, 19(4): 568-577) [DOI: 10.11834/jrs.20154146]

Ren J Q, Chen Z X, Zhou Q B and Tang H J. 2010a. LAI-based region-
al winter wheat yield estimation by remote sensing. Chinese
Journal of Applied Ecology, 21(11): 2883—2888 ({23, B fir,
JEIE I, FEARAR. 2010a. K T T AR FEHOS U Y DX A /N A2 B
FAIEIEAEIN. ARSI, 21(11): 2883-2888)



WRAhoT 26 . Al BT

R I el 763

RenJ Q, Chen Z X, Zhou Q B andTang H J. 2010b. Retrieving the spa-
tial-explicit harvest index for winter wheat from NDVItime series
data. Transactions of the CSAE, 26(8): 160167 ({T- &5, BT,
JHTE I, FEHAR. 2010b. 3T IR I — U RIBHE R & /N A2 i
et gl alfE B ol TREAH, 26(8): 160-167) [DOL:
10.3969/j.issn.1002-6819.2010.08.028]

Ren J Q, Chen Z X, Zhou Q B and Tang H J. 2008. Regional yield es-
timation for winter wheat with MODIS-NDVI data in Shandong,
China. International Journal of Applied Earth Observation and
Geoinformation, 10(4): 403-413 [DOI: 10.1016/j.jag.2007.11.003]

Ren J Q, Liu X R, Chen Z X, Zhou Q BandTang H J. 2009. Prediction
of winter wheat yield based on crop biomass estimation at region-
al scale. Chinese Journal of Applied Ecology, 20(4): 872-878 ({F:
AR, AN, BROHE, SN, RIRAR. 2009, SETHEY AW
AT DX A /N2 B TN, 07 AR 5241, 20(4): 872-878)

Ren J Q, Tang H J and Chen Z X. 2005. The status-quo and trends of
crop yield estimation and prediction methods//Tang H J and Zhou
Q B, eds. Resources Remote Sensing and Digital Agriculture.
Beijing: China Agricultural Science and Technology Press: 11-20
(TR, JEAEG, BRMUHE. 2005, RAEYI =R AT HRITR 7 L 0F
FEIR G R IREH R, TR, B RS EAOl. b
s RERVRRER AR AL 11-20)

Rudorff B F T, Aguiar D A, Adami M and Salgado M P G.2012.Frost
damage detection in sugarcane crop using MODIS images and
SRTM data//Proceedings of 2012 IEEE International Geoscience
and Remote Sensing Symposium.Munich: IEEE: 5709-5712

Salmon J M, Friedl M A, Frolking S, Wisser D and Douglas E M.
2015. Global rain-fed, irrigated, and paddy croplands: a new high
resolution map derived from remote sensing, crop inventories and
climate data. International Journal of Applied Earth Observation
and Geoinformation, 38: 321-334 [DOI: 10.1016/j.jag.2015.01.
014]

See L, Schepaschenko D, Lesiv M, McCallum I, Fritz S, Comber A,
Perger C, Schill C, Zhao Y Y, Maus V, Siraj M A, Albrecht F,
Cipriani A, Vakolyuk M, Garcia A, Rabia A H, Singha K, Marcar-
ini A A, Kattenborn T, Hazarika R, Schepaschenko M, van der
Velde M, Kraxner F, Obersteiner M. 2015. Building a hybrid land
cover map with crowdsourcing and geographically weighted re-
gression. ISPRS Journal of Photogrammetry and Remote Sensing,
103: 48-56 [DOI: 10.1016/j.isprsjprs.2014.06.016]

Sha X L. 2012. A study on extraction of plastic-mulched landcover and
on retrieval of mulched land surface temperature using remote
sensing data.Hangzhou: Zhejiang University (Y05GHH. 2012, AR
A T2 S L BRI B Bt AR B S 3. N VoK)

Shen K J, He H, Meng H W and Sun G N. 2012. Review on spatial
sampling survey in crop area estimation. Chinese Journal of Agri-
cultural Resources and Regional Planning, 33(4): 11-16. (FH 7a &,
s, SRLLT, FhEEA. 2012, AR I B2 TRl Ul e F 500k

J AL IR S XK, 33(4): 11-16)

Shi Y, Ji S P, Shao X W, Tang H J, Wu W B, Yang P, Zhang Y J and
Shibasaki R. 2014. Framework of SAGI agriculture remote sens-
ing and its perspectives in supporting national food security.
Journal of Integrative Agriculture, 13(7): 1443—-1450 [DOI:
10.1016/S2095-3119(14)60818-2]

Song C Q, You S C, Liu G H, Ke L H and Zhong X K. 2011.The spa-
tial pattern of soil moisture in northern tibetbased on TVDI meth-
od.Progress in Geography, 30(5): 569-576 (KFEAE, WiFAlA, X &
e, FIFRLL, PRt 2011, FETTVDIR AL b X 138 43 1]
¥ )5y, MBI, 30(5): 569-576) [DOI: 10.11820/dlkxjz.
2011.05.008]

Song X N, MaJ W, Li X T, Leng P, Zhou F C and Li S. 2013. Estima-
tion of vegetation canopy water content using hyperion hyperspec-
tral data. Spectroscopy and Spectral Analysis, 33(10): 2833-2837
(RANT, DR, /NG, W iR, JRJ5 M, 259¢. 2013, Hyper-
ion B G IS BN 1 R R 2 K i SO OIS 5 0 A T,
33(10): 2833-2837) [DOI: 10.3964/.issn.1000-0593(2013)10-
2833-05]

Steddom K, Heidel G, Jones D, and Rush C M.2003. Remote detection
of rhizomania in sugar beets. Phytopathology, 93(6): 720-726
[DOI: 10.1094/PHYTO.2003.93.6.720]

Tan C W, Wang J H, Zhu X K, Wang Y, Wang J C, Tong L and Guo
W S. 2011. Monitoring main growth status parameters at jointing
stage inwinter wheat based on Landsat TM images.Scientia Agri-
cultura Sinica, 44(7): 1358-1366 (€24, T2, 5T, TUF,
T, BB, F303%. 2011, 2T Landsat TMRARMIA /N
W EERESHERBUI. HER P, 44(7): 1358-1366)
[DOI: 10.3864/j.issn.0578-1752.2011.07.007]

Tang H J, Wu W B, Yang P, Zhou Q B and Chen Z X. 2010. Recent
progresses in monitoring crop spatial patterns by using remote
sensing technologies. Scientia Agricultura Sinica, 43(14):
2879-2888 (RHEMR, 3O, HMl, JAME, BRAHT. 2010. AR
Wy s (B R B SR W B S . R R AR, 43(14):
2879-2888) [DOI: 10.3864/j.issn.0578-1752.2010.14.006]

Tang HJ, WuW B, YuQY, XiaT, Yang P and Li Z G. 2015a. Key re-
search priorities for agricultural land system studies. Scientia Agri-
cultura Sinica, 48(5): 900-910 (JEHAR, RIGH, 38, R, ¥
G, 2= IE . 2015a. 4Rl 4 Hb R GEHF 57 B HSCHERL 2 7] 5. v ]
AV BLE, 48(5): 900-910) [DOI: 10.3864/j.issn.0578-1752.2015.
05.08]

Tang H J, Zhou Q B, Liu J, Li Z G and Wu W B. 2015b. Mapping of
Crops in China-Wheat. Beijing: Science Press (JH1ER, JETH Ik,
XL, ZRIERE, R3O, 2015b. HE AR AEY) 23 ] 53170 38 ] 1
—/NER. s Bl R D)

Tang L L, Li C R and Dai C D.1998. Effects of radarsat on flood-fight-
ing and disaster-minimizing in 1998. Remote Sensing Technology

and Application, 13(4): 1-4 (JER, Z24%5%, S A K. 1998. ik



764 Journal of Remote Sensing

ERFIR 2016, 20(5)

TRAE1998AEFTHE I P AVE . IR A S N, 13(4): 1-4)

Tang Z C and Sun H. 1989. NOAA satellite data analysis for winter
wheat coldinjury.Journal of Remote Sensing Information, (4): 39
({%Mﬁi TN 1989. HINOAAT R BTRMELAEYI R E 4. &
BAEE, (4):39)

Thenkabail P S, Schull M and Turral H. 2005. Ganges and Indus river
basin land use/land cover (LULC) and irrigated area mapping us-
ing continuous streams of MODIS data. Remote Sensing of Envir-
onment, 95(3): 317-341 [DOI: 10.1016/j.rse.2004.12.018]

Thenkabail P S, Biradar C M, Noojipady P, Dheeravath V, Li Y J,
Velpuri M, Gumma M, Gangalakunta O R P, Turral H, Cai X L,
Vithanage J, Schull M A and Dutta R. 2009. Global irrigated area
map (GIAM), derived from remote sensing, for the end of the last
millennium. International Journal of Remote Sensing, 30(14):
3679-3733 [DOI: 10.1080/01431160802698919]

Thenkabail P S. 2010. Global croplands and their importance for water
and food security in the twenty-first century: towards an ever
green revolution that combines a second green revolution with a
blue revolution. Remote Sensing, 2(9): 2305-2312 [DOI: 10.3390/
1s2092305]

Tian Q J, Gong P, Zhao C J and Guo X W. 2001.A feasibility study on
diagnosing wheat water status using spectral reflectance. Chinese
Science Bulletin, 46(8): 666-669 (HI R /A, F/M, WAL, ?Bﬂ%éé’é.
2000. HIGIE 28T FL W/ N2 K S ARBL R T AT P43 A, B2
2, 45(24): 2645-2649) [DOI: 10.1007/BF03182831]

Turner [ B L, Skole D L, Sanderson S, Fischer G, Fresco L and
Leemans R. 1995. Land-Use and Land-Cover Change:
Science/Research Plan. Stockholm: IGBP Secretariat

Vaudour E, Noirot-Cosson P E and Membrive O. 2015.Early-season
mapping of crops and cultural operations using very high spatial
resolution Pléiades images.International Journal of Applied Earth
Observation and Geoinformation. 42: 128—141 [DOI:10.1016/
jjag.2015.06.003]

Wang K, Zhou Z F, Liao J and Fu Y. 2015.Model for estimating to-
bacco leaf area index in Guizhou Karst mountainous areas based
on SAR data. Acta Tabacaria Sinica, 21(6): 3439 (FE, L%,
BEIH, £755. 2015, FeTA IRALAR TR L (SAR)EE 1 S H M i
1Ly B o T AR AR AR AR R 23R, 21(6): 34-39)
[DOI: 10.16472/j.chinatobacco.2014.562]

Wang J L, Lv H Q, Zhang G P and Song Y B. 2005.Agro-Meteorology
Forecast. Beijing: Meteorology Press (L &4k, B R4, 5K EF,
AL 2005, LA TR ALRTTZR M RRAT)

Wang J L, Song Y B, Yang F Y, Zheng C L and Chen H. 2007.Re-
search on the Crop Yield Prediction in the Main Food Producing
Regions in the World. Beijing: Meteorology Press (£ &k, 4l
W, Az, FEEFY, BRI 2007, tHF 2 X 5l 55
TR AT, b SR L)

Wang J. 2006. L and Resource Remote Sensing Monitoring and Evalu-

ation Method.Beijing: Science Press (L. &F. 2006. 7% 52 8%
W SRR T . AUt Bl R AL

Wang N B. 1996. Dynamic Monitoring and Yield Estimation of
Chinese Winter Wheat by Remote Sensing.Beijing: Science and
Technology of China Press (F /%3, 1996. i [E/NZ i KB 75 W
TSk ALaT: T ERFEEOR L)

Wang P, Luo X W, Zhou Z Y, Zang Y and Hu L.2014. Key technology
for remote sensing information acquisition based on microUAV.
Transactions of the CSAE, 30(18): 1-12 (YEiili, Z 8 3¢, &,
?—JU& W, 2014, BT HUNEITC ANURIE R B BOCHEE AR

WAL TR, 30(18): 1-12) [DOI: 10.3969/.issn.1002-
6819.2014.18.001]

Wang Z H and Liu Y H. 2009. Study on building agricultural high-res-
olution remote sensing image information extract technology.
Journal of Agricultural Mechanization Research, (1): 63-65, 70
(ErpAE, XI—fiit. 2009. BEREA B & 73 Br 38 AR (5 B4
BOs B mg iR, RAVERFSE, (1): 63-65, 70) [DOI: 10.3969/
j.1ssn.1003-188X.2009.01.019]

Wei Z M. 2003. Study on crop-water relationship and availability of
field irrigation water based on SWAPmodel simulation in arid
area. Hohhot: Inner Mongolia Agricultural University (35 .
2003. T 5 X AEH—7K 5356 5 5 FH )9 E K A AP I SW A PR
RUBHUBFSE. WEANTE R S ARl KA

Wu B F, Meng J H, Li Q Z, Zhang F F, Du X and Yan N N. 2010.
Latest development of “CropWatch”-an global crop monitoring
system with remote sensing. Advances in Earth Science, 25(10):
1013-1022 (%Mﬁ SEdkte, 2R, gk K, AR, EIRED.
2010. 4BRACHE 18 BGE AR 2 G5 (CropWatch) ik g M BR B 2k
J, 25(10): 1013-1022) [DOI: 10.11867/1.issn.1001-8166.2010.
10.1013]

Wu B F, Zhang F, Liu CL , Zhang L and Luo ZM. 2004. Anintegrated
method for crop condition monitoring. Journal of Remote Sensing,
8(6): 498-514 (RIATT, F{’:lﬂ", lJESUHV iKF, BATH. 2004, R AE
YR LR AR BRI )y . 38 R4, 8(6): 498-514) [DOI:
10.11834/jrs.20040602]

Wu B F. 2000. Operational remote sensing methods for agricultural
statistics.Acta Geographica Sinica, 55(1): 25-35 (4K 7. 2000.
A [E AR W S5 A 7= 1B AT AR O . I ERAEAR, 55(1):
25-35) [DOI: 10.3321/j.issn:0375-5444.2000.01.004]

Wu B F. 2004. China crop watch system with remote sensing.Bulletin
of the Chinese Academy of Sciences, 19(3): 202-205 (47
2004, HERNBEMENPR. PEBERERT, 1903):
202-205) [DOI: 10.3969/j.issn.1000-3045.2004.03.011]

Wu W B, Yang P, Tang H J, Ryosuke S, Zhou Q B and Zhang L. 2009.
Monitoring spatial patterns of cropland phenology in North China
based on NOAA NDVI data. Scientia Agricultura Sinica, 42(2):
552-560 (530, B, AR, Ryosuke S, JAITE Y, TKA. 2009.
JE T ND VIEGE (At DR b ) i 25 1) 4% =y v B Al B2



WRAhoT 26 . Al BT

R I el 765

42(2): 552-560) [DOLI: 10.3864/;.issn.0578-1752.2009.02.021]

Xiang H T and Tian L. 2011.Development of a low-cost agricultural re-
mote sensing system based on an autonomous unmanned aerial
vehicle (UAV). Biosystems Engineering, 108(2): 174-190 [DOL:
10.1016/j.biosystemseng.2010.11.010]

Xu X B and Yang G S. 2013. Spatial and temporal changes of multiple
cropping index in 1995-2010 in Taihu Lake basin, China. Trans-
actions of the Chinese Society of Agricultural Engineering, 29(3):
148-155 (i, #kELL. 2013, KWIHiE1995-20104EHf 1l 5
AR B 25 R AR B BT Al TR 23], 29(3): 148-155)
[DOLI: 10.3969/j.issn.1002-6819.2013.03.020]

Xue LH, Yang LZ and Fan XH. 2006. Estimation of nitrogen content
and C/N in rice leaves and plant with canopyreflectance
spectra.Acta Agronomica Sinica, 32(3): 430-435 (BEFIZL, Ak
B J/NE. 2006. TR A KRE RS i LR HOLIEAG
M. VEW£IR, 32(3): 430-435) [DOI: 10.3321/j.issn:0496-
3490.2006.03.019]

Yan F, Li M S, Wang YJ andQin Z H.2006.Application of remote sens-
ing technique to monitor agricultural disasters.Journal of Natural
Disasters, 15(6): 131-136 ([Fil%, Z=/%MH, FHir,
3£.2006. 78 JEREATEAO 9T W P N A SR IE AR,
15(6): 131-136) [DOI: 10.3969/j.issn.1004-4574.2006.06.023]

Yan H M, LiuJ Y and Cao M K. 2005.Remotely sensed multiple crop-
ping index variations in China during 1981-2000. Acta Geograph-
ica Sinica, 60(4): 559-566 (IFZfH, Xl4it, ®HIZE. 2005. iT
204 i [E B i S AR R 2 ARl U EREA A1, 60(4): 559-566)
[DOTI: 10.3321/j.is8n:0375-5444.2005.04.004]

Yan S Y, Liu Y L, Wei C J and Wang T. 2007.Remote sensing image
interpretation theory and methods.Beijing: Ocean Press ([&]5F &,
X, BRARY, £ . 2007. 8BS ARE A SRS T . Jbat:
T HAAT)

Yan Y, Liu Q H, Liu Q, Li J and Chen L F. 2006.Methodolagy ofwinter
wheat yield prediction based on assimilation of remote sensing
data with crop growth model. Journal of Remote Sensing, 10(5):
804-811 (I, MIEKK, X3k, 2, BRELE . 2006. H T 4K
e VEY A KA R A A /N A Kl 55 £ 77 O ik E 5. 1
J&EFAR, 10(5): 804-811) [DOI: 10.11834/jrs.200605119]

Yang B J and Pei Z Y. 1999.Definition of crop condition and crop
monitoring using remote sensing.Transactions of the CSAE, 15(3):
214-218 (BFFA, JERIE. 1999, RAEYK Pl e L5
M. b TAR2EAR, 15(3): 214-218)

Yang B J, Wang M X and Pei Z Y, 2002.Remote sensing monitoring of
winter wheat. Transactions of the CSAE, 18(2): 136-140 (175575,
EEHT, FAAL. 2002, L/NEZRF RIS Ay TSR,
18(2): 136-140) [DOI: 10.3321/j.issn:1002-6819.2002.02.034]

Yang B. 2013.Application of remote sensing technology in agricultural
disaster monitoring of reclamation area.ModernizingAgriculture,

(4): 66-67 (8. 2013, 3 BFARAE B XA 3% Wil v iy i

. B kAl (4): 66-67) [DOT: 10.3969/j.issn.1001-0254.
2013.04.039]

Yang L and Yang Y Z.2016.The spatial and temporal pattern of soil
moisture in the west Liaohe river basinbased on TVDI method and
its influencing factors.Journal of Arid Land Resources and Envir-
onment, 30(2): 76-81 (#4¥%, I, 2016. J& T TVDI Py ILiA
T Aol PN B A s A Ry B LR R R R T R X R I S PR
30(2): 76-81) [DOI: 10.13448/j.cnki.jalre.2016.049]

Yang P, Wu W B, Zhou Q B, Chen Z X, Zha Y, Tang H J and
RyosukeS.2007. Assimilating remotely sensed LAI into GIS-based
EPIC model for yieldassessment on regional scale. Transactions of
the CSAE, 23(9): 130-136 (1Allh, 30, JRIE 3, BRivsr, A,
FEARAR, SRIRESEAY . 2007, HETVEMIRERY S it RS B B 1R
Ak A X 3sk B = A F 5. Aol TR 24, 23(9): 130-136)
[DOTI: 10.3321/j.issn:1002-6819.2007.09.024]

Yang P, Wu W B, Zhou Q B and Zha Y.2008.Research progress in
crop yield estimation models based on spectral reflectance data.
Transactions of the CSAE, 24(10): 262-268 (¥, % 30k, ATk
e, AL 2008, HETOCHERHE B A1) 5 A TR TSt
JE. Al TRE2AR, 24(10): 262-268) [DOI: 10.3321/j.issn:1002-
6819.2008.10.054]

Yang X G, Liu Z J and Chen F. 2010. The possible effects of global
warming on cropping systems in China: I.Thepossible effects of
climate warming on northern limits of cropping systems and crop
yields in China. Scientia Agricultura Sinica, 43(2): 329-336 (%%
o, XELR, PRE. 2010, 2xBRABARME X b [ AR ) BE T AE R
Mg T A5 A 1 i FEL e o 8 AL SRR 7™ 1 vl RS M) 23
Hr. FEARBIE, 43(2): 329-336) [DOI: 10.3864/j.issn.0578-
1752.2010.02.013]

YuSK, Yao Y M, Wang D Y and Si H Q. 2013.Studies on the inver-
sion of soil organic matter content based on hyper-spectrum.
Chinese Agricultural Science Bulletin, 29(23): 146-152 (F =1,
Wetid, T, A, 2013, T RDGEMN LA PUR & =
SHBIESE. A EARAIE R, 29(23): 146-152) [DOL: 10.3969/j.issn.
1000-6850.2013.23.027]

Yu T and Tian G L. 1997.The application of thermal inertia method the
monitoring of soil moisture of North China Plain based on NOAA-
AVHRR data. Journal of Remote Sensing, 1(1): 24-31, 80 (4%¥%,
FH R . 1997, PSR 278 W 330 2K A B A RYAIF Y. 3
JEEFAR, 1(1): 24-31, 80) [DOI: 10.11834/jrs.19970104]

Zhang J C. 2012. Methods for information extraction of wheat disease
based on multi-source remote sensing data.Hangzhou: Zhejiang
University (5K 38 5. 2012. 2 I3 AR /N2 3 5 BRI 5
WFFE AT : WK )

Zhang JH, Du YZ, Liu X F, He Z M and Yang L M. 2012. Progress in
leaf area index retrieval based on hyperspectral remote sensing and
retrieval models. Spectroscopy and Spectral Analysis, 32(12):
3319-3323 (3RAESE, FEEE, X228, (U144, Yang L M. 2012.



766 Journal of Remote Sensing

#2016, 20(5)

BT G EE AR R S R A AR R RO . ek S
JEREAIHT, 32(12): 3319-3323) [DOI: 10.3964/j.issn.1000-
0593(2012)12-3319-05]

Zhang M H, Qin Z H, Liu Xand Ustin S L.2003. Detection of stress in
tomatoes induced by late blight disease in California, USA, using
hyperspectral remote sensing. International Journal of Applied
Earth Observation and Geoinformation, 4(4): 295-310 [DOI:
10.1016/S0303-2434(03)00008-4]

Zhang R H, Sun X M and Zhu Z L. 1998. A speedier measuring tech-
nology for leaf area index-a calibration tool in quantitative remote
sensing of vegetation. Remote Sensing for Land & Resources, (1):
54-60 (FRAAE, PIBERL, Afpk. 1998, I TEIFRAE ET Peidil &
T3 ¥ —— RT3 A TR b S PR [ LB IRE R, (1):
54-60)

Zhang R H. 1992. A remote-sensing thermal inertia model for soil
moisture and its application. Chinese Science Bulletin, 37(4):
306-311 (BRA=HE. 1991, F I /K ik AP AE AN K O . )
FIER, 36(12): 924-927)

Zhang S Q,Jia Y Q, Cheng Y Z, Liu T, Guo Y, Wu X H and Wang L
G. 2015. Study on rice growth monitoring based in GF-1 image.
Journal of Henan Agricultural Sciences, 44(8): 173-176 (3K &,
B, FRACEL, X, S0, ias4T, £RRAI. 2015, 2T GF-15
K FE B E K BB T . MR AR, 44(8): 173-176)
[DOLI: 10.15933/j.cnki.1004-3268.2015.08.037]

Zhang W J, Wang S Q, Chang H and Yu G R. 2005.Application of re-
mote sensing technique in soil carbon storage researches.Progress
in Geography, 24(3): 118-126 (3K 3CUH, L4, H1E, T 5H.
2005. 3& BAE T IEm A AR BN H]. SRR, 24(3):
118-126) [DOI: 10.11820/d1kxjz.2005.03.014]

Zhang X F, Chen H L, Zheng Y F, Zou C H, Chen D and Fu X J. 2006.
Monitoring the freezing injury of winter wheat by remote
sensing.Journal ofNanjing Institute of Meteorology, 29(1): 94-100
GRETY, BRIRse, AR, B, BRAR, AIHEE. 2006, & /h4
VR 2 R A 1 B 5 R B R B4R, 29(1): 94-100)
[DOLI: 10.3969/j.issn.1674-7097.2006.01.014]

Zhang X Y,Chen Y Y, SuZ S, Zhou H P and Ma Y P. 2001. A study
on monitoring frost of main crop in the area of Ningxia by using
remote sensing.Remote Sensing Technology and Application,
16(1): 32-36 (TRIRSE, BRGe, 75 ik, R Z3E, B £, 2001. 7
B EAEYIAR UR R B A 5 B IR AR 5 HFAE, 16(1): 32-36)
[DOI: 10.3969/j.issn.1004-0323.2001.01.007]

Zhao G X, LiJ, Li T, Yue Y D and Warner T. 2004.Utilizing Landsat
TM imagery to map greenhouses in Qingzhou, Shandong
Province, China. Pedosphere, 14(3): 363-369

Zhao H, Yang Z W, Li L and Di L P. 2011.Improvement and comparat-
ive analysis of indices of crop growth condition monitoring by re-
mote sensing. Transactions of the CSAE, 27(1): 243-249 (&,
BIEM, 28R, KBS 2011, VR S B I8 A7 iy Bt 5
e AT, Alk TAR2244], 27(1): 243-249) [DOIL: 10.3969/j.issn.

1002-6819.2011.01.039]

Zhao J, Huang W J, Zhang Y H and Jing Y S.2013.Inversion of leaf
area index during different growth stages in winter wheat. Spectro-
scopy and Spectral Analysis, 33(9): 25462552 (BX15, B 3CIT, 5K
WS, ST, 2013, &/ N [A) A 7 I Y T AR AR BRSO 12k
SEREE 5 ERESMT, 33(9): 2546-2552) [DOI: 10.3964/j.issn.
1000-0593(2013)09-2546-07]

Zhao R, Tang J Y and He L H.2002. A discussion on growing state sur-
vey and yield estimation of paddy in Jiangsu Province by means of
remote sensing.Remote Sensing For Land & Resources, (3): 9-11
(B8, W K, RELE. 2002, TLFRA KRG S amim Wi 5 4 7=
[+ B IR, (3): 9—11) [DOL: 10.3969/j.issn.1001-070X.2002.
03.003]

Zhao W and Li Z L. 2013.Sensitivity study of soil moisture on the tem-
poral evolution of surface temperature over bare surfaces. Interna-
tional Journal of Remote Sensing, 34(9-10): 3314-3331 [DOI:
10.1080/01431161.2012.716532]

Zhou C H and Luo J C. 1999.Remote Sensing Image Geoscience Ana-
lysis.Beijing: Science Press (J& g, 3% GI7K. 1999. 3B 15 b
SRS AT LA BleE D)

Zhou Q B. 2004.Status and tendency for development in remote sens-
ing of agriculture situation. Journal of China Agricultural Re-
sources and Regional Planning, 25(5): 9—14 (Ji3# . 2004. [E 4
AN R IR A e g E RO B IR S XA, 25(5):
9-14) [DOL: 10.3969/j.issn.1005-9121.2004.05.003]

Zhou Y Z, Zhou J, Li Y and Wang X F. 2014. Simulating the evapo-
transpiration with SEBAL and Modified SEBAL (M-SEBAL)
models over the desertand oasis of the middle reaches of the Heihe
River. Journal of Glaciology and Geocryology, 36(6): 1526—1537
Az, A, Z20F, k. 2014, F FSEBALFI M)
SEBALMIRLl HB rh i RBE | ZRPNINZEHER. Uk,
36(6): 1526-1537) [DOI: 10.7522/j.issn.1000-0240.2014.0183]

Zhu X L, Li Q, Shen M G, Chen J and Wu J. 2008. A methodology for
multiple cropping index extraction based on NDVI Time-series.
Journal of Natural Resources, 23(3): 534-543 (JRZFEM, 255, I
IO, PR, S245.2008. 3T Z I AHND VIEUR Y & SR
FEIRSE. A SRS IREAAR, 23(3): 534-543) [DOIL: 10.3321/j.issn:
1000-3037.2008.03.021]

Zou L D, Guo H, Zhu X F, Wang Y Y, Zheng X C and Wang J K.
2014. Automatically extracting the spatial distribution informa-
tion of facility agriculture. Remote Sensing Technology and Ap-
plication, 29(4): 669-674 (4BFIZR, S8, K755, FHuH, K
B, THENE. 2014, B2 0504015 B A SR B0 R,
TR AR5 R, 29(4): 669-674) [DOI: 10.11873/j.issn.1004-
0323.2014.4.0669]

Zuo L J, Dong T T, Wang X, Zhao X L and Yi L. 2009. Multiple crop-
ping index of Northern China based on MODIS/EVI. Transac-
tions of the CSAE, 25(8): 141-146 (ZEHHA, Tk, T, B/
i, 5% . 2009. 2£FMODIS/EVIA A -6 7 Hu X B 42 Fh 4 51
RO TR, 25(8): 141-146)



PrpisEr 55 . Al BRI I HE R 5 e 2 767

Progress and perspectives on agricultural remote sensing research and
applications in China

CHEN Zhongxin, REN Jianqiang, TANG Huajun, SHI Yun, LENG Pei, LIU Jia, WANG Limin,
WU Wenbin, YAO Yanmin, HASIYUYA

Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of Agri-In-
formatics, Ministry of Agriculture, Beijing 100101, China

Abstract: This paper represents a literature review on the progress in the field of research and applications of agricultural remote sensing in
the past 20 years in China. In remote sensing information retrieval, the space—ground—network integrated technical system has emerged be-
cause of the rapid development of Earth observation satellites, the booming of unmanned aerial vehicles, as well as the extensive and intens-
ive application of wireless sensor networks and the Internet of Things in China. In quantitative remote sensing, various agricultural paramet-
ers, including LALI soil moisture, and crop nutrients have been inverted from remote sensing data via statistical and/or mechanical models. In
crop acreage estimation and crop mapping by remote sensing, considerable progress in algorithms and operational system development has
been made in the past 20 years in China. In crop growth monitoring and yield estimation/prediction, quantitative remote sensing data
products as well as various remote sensing indexes have been used with in-situ data. Various empirical models have also been investigated.
Remote sensing data assimilation with crop growth models is a prevailing issue in this research field. For agricultural disaster monitoring
and assessment with remote sensing, drought, flood, pests, plant disease, and so on have been studied with different types of remote sensing
data and quantitative data products with various models. Some of these research outcomes and systems have been operational. In remote
sensing for agricultural land resources, the research foci is shifting from land resources quantity research to spatial patterns and their dynam-
ics, as well as to specific elements of agricultural lands, e.g., facility agriculture land and plastic-mulching cropland. The classification meth-
ods are more diverse, and novel methods, including object-oriented methods, machine learning methods, knowledge-based algorithms, and
so on, are investigated. In the past 20 years, significant progress has been made in the research and application of agricultural remote sens-
ing in China. In the future, an increasing number of Earth observation satellites will be in orbit with the application of the China High Resol-
ution Earth Observation System and National Spatial Infrastructure. Sensor technology, Internet plus, big data, and artificial intelligence,
among other technologies, are expected to develop rapidly. In this new era, the agriculture development pattern will change with the up-
grade of the national economy and social development in China. Many new demands and opportunities will occur in agricultural remote
sensing research and application. First, the space—ground—network integrated technical system for agricultural information retrieval will be
applied more extensively to meet diverse demands in various agricultural sectors. Second, new techniques, including artificial intelligence,
big data, and so on, will play important roles in solving critical problems in agricultural remote sensing research and applications. Third, re-
mote sensing is expected to be applied more extensively in new sub-disciplines of agronomy, which will not only improve agricultural re-
search but also enrich the theory and techniques in remote sensing.

Key words: agriculture, remote sensing, application, research, progress, China
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